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NATDRAL HUMAN IGM ANTIBODIES 
IMMUNOR£ACTIVE WTTH THE TAT 
PROTEIN OF HIV.l 

This application is a contiimation-in-part of: 
U.S. patent appUcaiion Ser. No. 07/173,705, filed Mar. 25, 

1988 (abandoned); 
U.S. patent application Ser, No. 07/873,917, filed Apr. 24, 

1992 (abandoned); 
U.S. patent application Ser. No. 07/912,026, aed Jul. 9, 

1992 (abandoned); and . 
U.S. patent application Ser. No. 07/924,412. filed Jul. 30, 

1992 (abandoned). 

FIELD OF THE INVENTION 

The present invention relates to natural human IgM 
antibodies, and their uses in prognosis, diagnosis, and 
therapy. In paiticular, the invention relates to natural human 
serum IgM ana1>odies which can recognize epiu^ present 
on human protamine, HTV Tat protein and SP80, a seminal 
plasma homologue of human lactofetrin, and which, in 
accord with historic characterization of natural antibodies, 
exhibit low binding affinity to antigen. This low affinity 



to 



20 



N. K,, Supra 41 :849, 1955; Michael, J. G. et al, J. Exp. Med, 
118:619. 1963; J. Boyden, S. V., Adv. ImmunoL 5:1, 1966; 
Denis. K. A. ct al., J. Exp, Med. 157:1170, 1983; Rodman, 
T. a ct al.. Science 228:1211, 1985; Bade, C. et aL. supra; 
C^joutinho, A. et al.. Cold Spring Harbor Symp, Quant. BioL 
54:159. 1990; Avrameas, S^/mmwtoi Today 12: 154, 1991). 
Natural antibodies have been finequently characterized as 
polyfipecific (Guilbert, B, el al., /. Immunol 128:2779, 
1982; Martini, T et al., J. Exp. Med. 175:983, 1992). Recent 
studies (Stollar, B. D., Mol bmmmoL 28: 1399, 1990; 
Valera, F. et al., Pmc. Nail Acad Set USA 88:5917, 1991; 
Algiman, M. et al^ Proc Natl Acad. ScL USA 89:3795, 
1992; Kasaian, M. T. d al., J. hnmunol 148:2690, 1992; 
Rodman, T. C. et al., /. Exp. Med 167:1228. 1988; Rodman, 
T. C. el al.. Clin. Immunol Immunopatk 57:430. 1990; 
Rodman, T. C et aL. Abstr. PoA 2429, Vm IntemaO. Conf. 
AIDS, 1992; T. C. Rodman ct al submitted) however, have 
demonstrated a high order of epitopic specificity for certain 
sets of natural antibodies. Although no specific role or 
participation in immune mechanisms has been. defined for 
any set. the proposition that natural anulxKlies may provide 
a '*first line of defense" (Osall, P. et al., Ann Rev. hnmtaiol 
7:513, 1989) against a new invader, while the forces of 
inriiirffifl immune action are marshalled, is credible. 
Acquired Immunodefidency Syndrome (AIDS) is a dis- 



antibody subset of senmi IgM antibodies may be assayed for ^ ease which is characterized by a severe immune deficiency 



prognosis or diagnosis and administered for treatment of 
AIDS. Methods for the detection and/or measurement, iso- 
lation and use of the low affinity natural human serum IgM 
antibodies are provided. 

BACKGROUND OF THE INVENTION 
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The natural anU*body repertoire is a segment of the 
immune system that is little understood, was eariy postu- 
lated to provide a first defense against specific infectious 
agents (Michad. J. G.. 1969, Curr. Top. Microbiol Immunol 
48:43-62), and has recently been the subject of increased 
interest and conjecture of a possible role in control of 
autoimmunity (Cohen. I. et al., 1986, Immunol Today 
2:363-364) or other phases of inununoregulation (Dighiero, 
G. ct al., 1985. /. Immunol 134:765). Natural antibodies 
frequently have been designated as those of lower afifinity 
than theii induced counterparts (see. e.g., Day, E D. et al., 
J. Neuroimmunol 13:143-158, 1986; Hoch, S. et al.. J. 
Immunol 136:892-897, 1986; Tongio. M. M. ct al., Tissue 
Antigens 26:27-285. 1985). 

Natural antibodies, in accordance with the long held and 
recently fortified hypothesis that the humoral munune sys- 
tem includes a repertoire of "natural" (Jeme, N. IC, Proc. 
Natl Acad ScL USA 41: 849. 1955) or "naive" (Bcrck, G. 
et al.. Immunol Rev. 105: 5-26, 1988) antibodies, not 
attributable to immune induction, are the suttject of much 
speculation. The various diaracteristics attributed to that 
class of antibodies include: germ line configuration of VH 
and VL segments (Stollar. D. Mai Immunol. 28:1339, 1991 : 35 
Sanz, L et al., / Immunol 142:4054. 1989), IgM of low 
affinity (Rodman, T. C. et aL, Gin. Immunol bnmunopatk 
57:430, 1990), secretion by CD5^-cells (Hayakawa, KL et 
aL, Proc. Nail Acad ScL USA 81:2494, 1984). polyreac- 
tivity (Casali, P. et aL, Immunol Today 10:364, 1989; 60 
Lymberi, R et al., Eur. J. Immunol 57:702, 1985) and 
presence in sera of all normal individuals with apparent 
quiescence until needed to provide "first line of defense" 
(Lymbori, R et al., supra) against new infectious invaders. 

Natural anU'bodies constitute a repertoire, usually IgM. 65 
occurring in sera of healthy children and adults, with no 
basis for assignment of antigen mediated induction (Jeme. 
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primarily -caused by a decreased cell-mediated immune 
response (Gottlieb, M. et al., N. Engl J. Med 305:1425. 
1981; Masur. J. ct al.. N. Engl J. Med 305:1431, 1981). Hie 
immimodefidency state is characterized by a decrease in T 
helper lymphocytes (CD4* cells), a reversal of the normal 
CD4 (T4>f :CD8 (T8>f cell ratio. lymphopenia, an increased 
incidence of opportunistic infections (e.g., Pneumocystis 
cariniOt and/or malignancy (e.g.. lymphoma or Kaposis 
sarcoma). The syndrome is usually fatal. 

The causative agent of AIDS is a retrovirus, now termed 
Human Immunodeficiency 'N^ius (HIV) (also known as 
LAV/ARV/HTLV HI) which infects T helper lymphocytes 
(Gallo, R. C. et al., Science 224:500, 1984; Barre-Sinoussi, 
F. et al.. Science 220:868, 1983; Feorino, P. M. et al.. Science 
225:69, 1984; Levy. J. A. et al.. Science 225:840, 1 984). The 
CD4^ T-cell surface molecule has been identified as a 
receptor for the virus, and the virus' subsequent cytolytic 
activity dqiletes that cell population (Klatzman, D. et al.. 
Nature 312:767. 1985; Dalgleish. A. G. et al.. Nature 
312:763. 1984; McDougal, J. S. et al.. Science 231:382, 
1986; Maddon, P. J. et aL, CeU 47:333, 1986). 

A patient is diagnosed with AIDS when he or she (1) tests 
positive for the presence of antibodies directed against HIV 
aiid presents with one or more of the specific indicator 
diseases (neoplasms, opportunistic infections) or (2) in the 
absence of labonUoiy. evUmx for HIV infection, all other 
causes of immunodefidency are ruled out and one of the 
indicator diseases is present together with a low Qess than 
40Q/mm) CD4f T lymphocyte count AIDS-related complex 
(ARC^ is a prodrome to AIDS and refers to those patients 
testing positive for HTV and presenting with persistent 
generalized lymphadenopathy. long-lasting fever, weight 
loss, persistent dianhea. or extreme lassitude, but who have 
not yet developed one of the indicator diseases associated 
with full-blown AIDS. 

U.S. patent application Ser. No. 07/924,412, discloses the 
presence of low affinity binding serum IgM antibodies 
immunoreactive wUh human protamines present in normal 
humans. These antibodies were detected upon observation 
of the curves of reactivity of IgM of normal, HTV negative 
sera with protamine (and peptides containing the immunore- 
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active cpiiope) at ascending antigen concentrations, whaon 
an increased rise in slope was found when assayed at higher 
antigen concentrations. The inference was node that the 
increase in rise of slope was a manifestation of the presence 
of a subset of antibodies with the same epitopic specificity 5 
as the principle subset, but of lower binding affinity. Review 
of the ontogenetic character of protamine led to the conclu- 
sion that the principle high afiSnity subset represented immu- 
nogenically induced antibodies and the low affinity subset 
were a set of natural antibodies. A formula was derived for 10 
measuring the difference in rise of slope of the curve for the 
2 fig/ml antigen and thai for the 20 (ig/ml antigen: [(O.D, 
semm 1:100-O.D. scrum 1:500) 20 pgftnlH(0-D. scrum 
1 : 1 00-O.D. scrum 1 :500) 2 pg/ml] or A20-A2, represcntirig 
the proportionate titer of the low affinity binding IgM is 
antihodks reactive with protamine. Calculation of A20-A2 
for 60 HTV negative sera and 83 HIV positive sera showed 
that the values for 95% of the HTV positive sera were below 
the lower limit of the normal range, thus indicating that the 
low affinity subset of protamine reactive amibodies was 20 
selectively depleted in HTV positive sera, whereas the HIV 
positive (AIDS) serum, although displaying considerable 
protamine peptide reactivity, were mote homogenous with 
respect to affinity. Therefore, it was concluded thai a cohort 
of natural antibodies constituted a host factor of defense 25 
against HIV, maintaining a period of latency until, with 
failure of the immune system to develop an effective 
humoral arsenal against HTV and exhaustion of the pool of 
progenitors of natural antibodies, AIDS ensues. 

30 

SUMMARY OF THE INVENTION 

The present invention relates to natural human IgM 
antibodies, and their uses in prognosis, diagnosis, and 
therapy of HTV infected individuals. In a specific embodi- 
ment, the invention relates to low affinity binding natural 
human serum IgM antibodies. In particular, such antibodies 
can recognize epitopes present on human protamines, HIV 
Tot protein and SP80, a seminal plasma homologue of 
human lactofenin. 

40 

The low affinity subset of natural human IgM antibodies 
of the present invention may be assayed for prognosis or 
diagnosis of AIDS. Such antibodies are detectable in sera of 
normal subjects and HTV-infected individuals who subse- 
quently exhibit a significant period of latency, but are absent 
or deficient in sera of individuals diagnosed with AIDS and 
sera of HIV infected individuals, who though asymptomatic 
at the time of the sampling, proceed to AIDS within a 
relatively short time. The invention provides metlxNls for the 
detection and/or quantitative determination of the low affin- 
ity subset of serum IgM antibodies, for the prognosis and 
diagnosis of AIDS. In addition, such antibodies can be 
isolated from the CD5+ B-cclls which produce them or from 
pooled serum and administered to patients diagnosed with 
AIDS and/or those patients where they are absent or defi- 3^ 
cienL Administration of these low affinity IgM antibodies is 
expected to restore the idiotypic network absent m these 
patients. 
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DEFINrnONS 

As used herein, the following abbreviations and defini- 
tions will have the meanings indicated: 
AIDS=acquired inununodeficiency syndrome 
ARC=AIDS-related complex 
BSA>=bovine serum albumin 
£LiSA=ea2yme-Uiilced immtmosorbent assay 
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Fv=the variable region or antigen-combining site of an 
antibody molecule. This may be any fragment which 
contains the idiotype of the molecule including, but not 
limited to the Fab, F(abl) 21 Fahl, and the like. 

Hrv=Human Immunodeficiency Virus 

Pl^mrified human protamine 1 

P2=^niiified human protamine 2 

Ppl=fauman Protamine 2b peptide amino acid residue nos. 
33-44, SCRHRRRHRRGC 

Pp2=fauman Protamine 2b peptide amino acid residue no. 
24-35, RCCRRRKRRSCR. 

PAGE==polyacrylamidc gel electrophoresis 

PBS=phosphate-buffered saline 

'Troceeding to AIDS within a relatively short period of 
time" is defined herein as about less than 2 years. 



BRIEF DESCRIPTION OF THE FIGURES 

FIG, lA— Titers, measured by EIJSA and expressed as 
O.D. of IgM antibodies reactive with HIV Tat in sera of 
clinically normal, HIV negative males (n=41) and females 
(n=25). 

FIG. IB — ^Titers, measured by EUSA and expressed as 
OD. of IgM antibodies reactive with HIV Tax in sera of 
HIV-positive patients 

1. diagnosed with AIDS at specimen collection (n=24), 

2. diagnosed with AIDS within one year from specimen 
collection (n=10), and 

3. asymptomatic or state-of-Iatency more than one year 
(«=26). 

FIG. 2A — Immunotransfers of IgM and IgG reactivity of 
representative sera from the classes described in FIGS. lA 
and IB, with HIV structural proteins gpl20, p24, the regu- 
latory protem Nef, the recombinant Tat and a synthetic 
truncated Tat. Lane a, molecular weight maikcrs on 10% 
polyaciylamide gel: 200 kD, 330 kD, 92 kD, 66 kD, 43 Kd; 
lane b. molecular weight markers on 12% gel; 92 kD, 615 
kD, 43 kD, 30 kD, 20 kD, 14.4 kD. For each of the following 
lanes, the left hand member of the pair is IgM and the right 
hand member is IgG: lane c, gpl20, 10% gel; lanes d-g 12% 
gel: lane d, p24; lane e, Nef; lane f, recombinant Tst; lane g, 
synthetic Tax (residues 1-68). Sera #1,2 are mV-negative: 
sera #3,4 are from class 1, AIDS; scrum #5 is from class 3, 
state-oMatency. The strong band at about 240 kD on the IgG 
member of lane c, sera 3,4,5 and the weak band at 45 kD for 
sera 3,5 were proven, by reactivity with a monoclonal 
antibody to gp 120, to be, respectively, a gpl20 derived 
dimer and peptide (not shown). 

FIG. 23— ELISA of IgM reactivity of the same sera 
presented in FIG. 2A paralleling and supporting the infer- 
enocs of the data for the reactions displayed in FIG. 2A. 
1 : 1(X) dilution of each serum was assayed for IgM reactivity 
with 2 Mg/rol, 5 ^g/ml, 10 pg/ml of each protein and the 
conected O.D. valiKS plotted. The symbols represent; X 1^ 
A gpl20, n p24, 0 Nef. 

FIG. 3 — ^liters of the same sera as those of FIGS. 2A and 
2B, measured by EUSA end expressed as the derived O.D. 
representing the subset of low affinity IgM antibodies, 
designated as natural antibodies reactive with pp. a peptide 
(residues 33-44) of human protamine 2b. 

FIG. 4— With the lower limit of the normal range of titers 
designated as 0. 10, 1 1 % of the HIV-negative sera show titers 
below that limit. Of (he HIV-positive sera. 96% of class 1 
(AIDS), 80% of class 2 (AIDS within one year) and 71% of 
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dass 3 (state of latency) show titers below the designated 
lower limit of oonnal range. 

FIG. 5A— Fractions 1-8 of SP80 basic Oanc b), SP80 
acidic Oane c) and lactofenin (LF) Qane d) obtained by 
cyanogen bromide (CNBr) cleavage, ftotcin stained PAGE 5 
showing molecular weight distribution (lane a: m.w. markers 
66, 43, 30. 20, 14.4 kD) of the firactions and homology of 
cleavage patterns of LF and the two variants of SP80, 

FIG. 5B— Fractions 1-8 of SP80 basic Qane b), SP80 
acidic (lane c) and lactofeirin (LF) (\ane d) obtained by 
cyaDOgen bromide (CNBr) cleavage. Immunotransfers with 
a nbtAi scrum raised against SP80 (addic and basic) show- 
ing the poly valency of the reactivity of the antiserum and the 
homology of reactivity of SP80 anti LF. 

HG. SC—Fractions 1-8 of SP80 basic Oane b), SP80 
acidic (lane c) and lactoferrin (LF) 0^ ^) obtained by 
cyanogen bromide (CNBr) cleavage. Immunotransfers with 
human sera (C male, D female) showing that the IgM 
reactivity of normal human sera is specifically localized in 
fractions 1 and 7. 

no. SE— Fractions 1-8 of SP80 basic Oane b), SP80 ^ 
acidic (\mt c) and lactofenin (LF) Oane d) obtained by 
cyanogen bromide (CNBr) cleavage. Immunotransfers widi 
human sera (C male, D fiemale) showing that the IgM 
reactivity of normal human sera is specifically localized in 
fractions 1 and 7. 

FIG. 5E— Fractions 1-8 of SP80 basic (lane b), SP80 
acidic Qane c) and lectofenin (LF) Oane d) obtamed by 
cyanogen bromide (CNBr) cleavage. Glycan stained PAGE 
showing that SPSO-addic and LF are glycosylated, with the 
glycan moieties of each segregated in fraction 7, and that 
SP80-basic is not glycosylated. 

FIG. 6A — PAGE of fragmcnte obtained by further CNBr 
digestion of fraction 1 of SP80 basic (FIG. 5A. lane b). Lane 
a, molecular weight markers (as for FIG. SA); lane b. 
isolated fraction I; lane c, cleavage fragments, showing that 
the components of fraction 1 are distributed to positions 
corresponding to fractions 5 and 7 (FIG. 5A) and, again, the 
scrum IgM reactivity is restricted to that designated fraction 
7, resolved at 10 kD. 

FIG. 63— IMMUNOTRANSFER of fragments obtained ^ 
by further CNBr digestion of fraction 1 of SP80 basic (FIG. 
5A, lane b). Lane a, molecular weight markers (as for FIG. 
5A); lane b, isolated fraction I; lane c, cleavage fragments, 
showing that the components of fr^on I are distnbuted to 
positions corresponding to fractions 5 and 7 (FIG. 5A) and. 
again, the serum IgM reactivity is restricted to that desig- 
nated fraction 7. resolved at 10 kD. 

FIG. 7A— Distribution of O.D. values (titers) obtained by 
ELISA of reactivity of human serum IgM with SP80, 1:100 
dilution of serum with 20 ^ml of 5P80 fi7. HTV negative ^ 
sera from clinically normal males (n=38) and females 
(n=33). 

no. 7B — Distribution of O.D. values (titers) obtained by 
ELISA of reactivity of human serum IgM with SP80, 1 :100 
dilution of serum with 20 fig/ml of SP80 fr7. HIV positive 
sera from patients classified at specimen collection as: 

1. AIDS orARC(n=20); 

2. AIDS or ARC within 1 year (n=12); 

3. variably symptomatic but not yet classified as AIDS or 60 
ARC within a year following specimen collection 
(b=:24). ^th the lower limit of normal range of titers 
designated as O.D^.25, 4% of the HIV negative sera, 
70% of group 1, 42% of group 2 and 13% of group 3 

of the HIV iwsidve sera show titers below normal. 6S 
FIG. 8A— Residual reactivity of serum IgM with SP80 
fr.7, following absorption on successively longer columns of 
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resin oomplexed with SP80 fr7. showing specificity of 
antigen rocognition of the natural IgM antibodies reactive 
with SP80 fr7. 

1. unabsorbed serum; 

1 serum passed through 6 mm cohunn; 

3. 21 mm column; 

4. 35 mm column. 

FIG. 8B— Residual reactivity of scram IgM with peptide 
22-33 of HIV 1^ following absorption on successively 
longer columns of resin complexed wi± SP80 fi^, showing 
specificity of antigen recognition of the natural IgM anti- 
bodies reactive with SP80 fr7. 

L unabsorbed scrum; 

2. serum passed through 6 mm column: 

3. 21 nun column; 

4. 35 mm colunm. 

FIG. 8C— Residual reactivity of scram IgM with peptide 
33-44 of human protamine 2b, following absorption on 
successively longer cohimns of resin complexed with SP80 
fr7, showing specificity of antigen recognition of the natural 
IgM amibodies reactive with SP80 fr7. 

1. unabsorbed serum; 

Z serum passed through 6 mm column; 

3. 21 mm column; 

4. 35 mm column. 

Progressively more SPSO-reactive antibodies are absorbed 
out of the sera by passage through the three columns with 
con^lete depletion after passage through the 35 mm col- 
umn, but no Tat peptide-reactive antibodies or protamine 
peptide-reactive antibodies are depleted by passage through 
any of the columns of SP80 fi7 complexed rosirt 

FIG. 9A — ^Distribution of derived O.D. values represent- 
ing titers of low aJEnity IgM reactive with SP80. HIV 
negative sera from clinically normal males (n=24) and 
females (n=24). 

FIG. 9B — Distribution of derived O.D. values represent- 
ing titers of low affinity IgM reactive with SP80. HIV 
positive sera from patients classified at specimen collection 
as: 

L AIDS or ARC(n=20) 

2. AIDS or ARC within one year (n=10), 

3. variably symptomatic, but not classified as AIDS or 
ARC within a year following specimen collection 
(n=20). 14% (%a) of the HTV negative sera had values 
below O.IO, the arbitrarily designated lower limit of 
normal range; 60% Q%o) of class 1, 50% of class 2, and 
20% (^) of class 3 had values below die limit 

FIG. lOA— O.D. of reactivity witii 1 Tat peptide 48-59, 
2 7^ peptide 22-33. 3 Ppl. 4 Pp2. EUSA was carried out 
with serum dilutions 1:100 and 1:500 and peptide concen- 
trations of 2 Mg^ 10 ii^val, ... 20 jig/ml. 

FIG. lOB— OD. of reactivity with I Tht peptide 48-59. 2 
Tot peptide 22-33. 3 Ppl, 4 Ppl EUSA was carried out with 
scram dilutions 1:100 and 1:500 and peptide conccnuations 
of — 2 ng/mL 10 ng/ml, ... 20 ng/ml. 

FIG. IIA — A scries of gr^hs showing the depletion of 
protamine and Tsi reactive IgM antibodies by passage over 
specific affinity cdumns. 

FIG. IIB — A scries of graphs showing the depletion of 
protamine and T^-reactive IgM antibodies by passage over 
specific affinity columns. 

DETAIliD DESCRIPTION OF TEE INVENTION 

All patents, patent applications and literature references 
cited in the specification are hereby incorporated by refer- 
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ence in their entiiety. In the case of inconsutendes, the 
picscnt disclosure, including definitions, will prevail. 

The present invention is directed to natural human IgM 
antibodies, and their prognostic, diagnostic, and therapeutic 
uses. In particular, the invention relates to low-affini^ s 
binding, natural human serum IgM antibodies, which rec- 
ognize three diCTerent epitopes: HIV Tat protein amino acid 
residue Nos. 22-33. HIV Tat protein amino acid residue 
Nos. 48-59 and SP80 a seminal plasma homologue of 
lactofeinn. The detection and/or measurement of any one of 
such subsets of antibodies in human sera can be used in 
diagnostic assays to predict the period of latency between 
HTV seropositivity and progression to clinical manifesta- 
tions of AIDS. The invention also provides methods for 
treating HIV-infected individuals comprising administering 
these natural human IgM antibodies (including the total 
protamine-reactive, low afBnity binding serum IgM natural 
anybodies disclosed in U.S. patent application Ser. Ko, 
07/924,412) to such individuals. 

As disclosed in copending U.S. patent application Ser. 
No. 07/924,412, it has been estabUshed that the sera of all ^ 
clinically normal people over 12 days of age contain IgM 
anu'bodies reactive with protamines, that those antibodies 
are a definitive set of the circulating IgM with a high order 
of specificity, and the antigenic site with which those anti- 
bodies are reactive has been defined. ^ 

As described infra, the natural human IgM antibodies of 
the invention are detectable in significant titer in virtually all 
sera of normal adult males and females and of normal 
pediatrics (aged 7 days to 2 years). These human natural 
serum IgM antibodies are a disaete set with a high order of 
specificity. 

The antibody molecules of the invention are IgM anti- 
bodies, including fragments thereof which contain the idio- 
typic region of the antibody molecules; these include but are 35 
not limited to the fragments which include the Fv region, 
such as the Fab. the F(ab'), Fabl fragments and the like. 
Antibody fragments which contain the idiotype of the mol- 
ecule could be generated by known techniques. For 
example, such fragments include but are not limited to: the 40 
F(abl)2 fragment which can be produced by pepsin digestion 
of the antibody molecule; the Fabl fragments which can be 
generated by reducing the disulfide bridges of the F(ab')2 
fragment, and the Fab fragments which can be generated by 
treating the antibody molecule with papain and a reducing 42 
agent 

As shown below, human sera contain HIV Tat reactive 
IgM antibodies which constitute two distinct sets. The 
specific epitopes for those two sets, characterized as natural 
antibodies, have been identified as contained in peptides so 
representing, respectively, residues 22-33, which has been 
shown to participate in Tat function and residues 48-59, the 
arginine rich region through which nuclear localization of 
Tat and its binding to viral RNA are mediated. Thus, the two 
sets of HTV 1^ reactive natural antibodies of HIV negative S5 
and of HIV positive sera are coincident with the two regions 
of Tat, including specific residues, shown to be essential for 
its function in transactivaiion of HTV RNA and consequent 
replication of the virus. The implications axe provocative. As 
noted, the proposed function of natural antibodies is that of 60 
provision of early defense (Casali, P. et aL, Ann Rev. 
ImmmoL 7:513, 1989). Thus far, there has been little basis 
for postulating the mechanism of thai defense. The obser- 
vations, presented herein, of the coincidence of reactive sites 
for two sets of natural antibodies with the function sites of 65 
an HIV regulatory protein may be relevant to that mecha- 
nism. 
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USE IN PROGNOSTICS AND DIAGNOSTICS: 

PREDICnON OF LATENCY FROM HIV 
INFECnON TO MANIFESXAnON OF AIDS 

As detailed below, the measuremeru of the natural human 
IgM antibodies of the present invention provides a reliable 
prognostic indicator of the period of latency between HTV 
infection and the ofiset of manifestations of AIDS. The 
presence or absence in serum of the namral human IgM 
antibodies of the invention is indicative of the capacity of an 
HIV-infected individual to withstand the pathogenetic pro- 
gression to AIDS. The characteristic property of this subset 
of IgM antibodies (whose absence from scrum correlates 
with a relatively short period of HTV latency) is the low 
binding affinity relative to other IgM antibodies present in 
adult sera. These low affinity IgM antibodies are reactive 
with epitopes present in HTV Tat protein and human SP80. 
Such low-affinity antibodies are believed to be natural 
antibodies. 

Hie low affinity subset of serum human natural IgM 
antibodies may be assayed for prognosis of AIDS. Such 
antibodies are detectable in sera of normal subjects and 
HIV-infected individuals who subsequently exhibit a sig- 
nificant period of latency, but are absent or deficient in sera 
of individuak diagnosed with AIDS and sera of HTV 
infected individuals who, though asymptomatic at the time 
of the sampling, proceed to AIDS within a relatively short 
time Gess than about 18 months). Thus, quantitative deter- 
mination of the absence or deficiency of such antibodies in 
HIV-seropositive individuals can be relied. on as an indica- 
tion of relatively imminent onset of AIDS. 

The quantitative determination and/or detection of low- 
affinity human natural serum IgM can also be used to 
monitor the efficacy of therapeutic treatments, to assist in 
selection of appropriate subjects for clinical trials, and to 
provide an atMiUonal modality for diagnosis of AIDS or 
ARC. It is also envisioned that the detection and/or mea- 
surement of tiiese antibodies may be used similariy in the 
prognosis and diagnosis of other immune abnormalities. 

The various assays and methods for detection and quan- 
titative determination which can be used are described 
below. 

ASSAYS OF SERUM HUMAN NATURAL IgM 
ANTIBODIES 

In a particular embodiment of the invention in which the 
assay is for prognosis and diagnosis of AIDS, the presence 
of the human natural IgM serum antibodies of the present 
invention can be assayed by any of the methods described 
below. As one example, a tow-affinity subpc^ulation of 
these IgM antibodies can be identified by allowing a fixed 
volume of the antibody mixture (tg., serum) to react with 
increasing amount of antigen. As concentration of antigen 
increases, high affinity antibodies arc saturated and antibod- 
ies of lower affinity will react with antigen. In a preferred 
embodiment, the ELISA described below can be used. 

ASSAY SYSTEMS 

Any, assay system known in the ait may be used for 
quantitative determination and/or detection of the natural 
human IgM antibodies (or antigen binding region tiiereof) of 
the invention. For example, such assays include but are not 
limited to the following immunoassays, iiKluding competi- 
tive and noncompetitive assay systems: radioimnumoassays, 
ELISA (enzyme linked immunosorbent assay), "sandwich" 
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immunoassays, predpttin leacdons, gd diffusion pzedpitin 
reactions, immunodiffusion assays, agglutination assays, 
conq]lemeiit-fixation assays, inununoradiometric assays, 
fluorescent immunoassays, protein A immunoass^s, and 
immunoelectrophoresis assays, to name but a few, as is 
well-known to those of ordinary skill in the art 



ASSAY MEraOD FOR PREDICTION OF HIV 

LATENCY PERIOD 10 

The assay and computation method described herein 
provides a modality for predicting the likdy period of HTV 
latency before onset of AIDS, for an infected individual. 
Such information may be useful in the medical management 
of individual patients, in projection of community needs for 
medical care facilities, and in the selection of appropriate 
subjects for trial of proposed thcr^wutic agents. It also 
provides additional criteria for AIDS* diagnosis. 

The assay and method described herein are but one 
example of the derivation of a quantitative index for use in 
AIDS' prognosis; other such exanqiles, and modifications of 
the procedure herein described, are also envisioned and are 
within the scope of the invention. Tte assay described below 
makes use of low affinity protamine reactive antibodies as 
described in copending U.S. patent application Ser. No. 
07/924.412. The same assay can be used for the detection 
and quantitation of the Tat- and SP80-reactive low affinity 
binding natural human antibodies described farther below. 

An enzyme-linked immunosorbent assay (EUSA) which 30 
can detect low-affinity binding, protamine-reactive serum 
IgM antibodies is described below. The ELIS A is performed 
with ascending concentrations of antigen (e.g., protamine 2) 
at 2, 5, 10, 20, and 50 VigftvU. Briefly, the test procedure is 
comprised of the following steps: 

(i) Antigen Coating 

Assay wells of a microliter plate are coated with antigen 
C50 jil preferred), by addition of antigen solution to wcUs, 
followed by a 4 hour incubation. With protamine 2 as 
antigen, the preferred antigen concentrations for use are 2 40 
]i%fwl and 20 ^g/ml. 

(ii) Blocking 

Antigen solution is washed out with buffer and all wells 
are filled to the brim wiUi blocking solution (e.g. bovine 
serum albumin or BSA) to coat regions not coated with 4S 
antigen, thereby inhibiting non-specific biiuling to the well 
sur&ce in subsequent steps. 
Gil*) Binding of Serum Antibodies 

Blocking solution is washed out and diluted serum (the 
same volume as the above antigen, 50 jil preferred) is added 50 
to each well. Each specimen serum is tested in triplicate at 
each of the two dilutions. Seium dilutions 1:100 and 1:500 
are suitable when protamine 2 is used as antigen and, for 
most human sera, to have low enough serum background 
values for valid Interpretation of test results to be made. 
However, with various peptides bearing the amigenic site, 
other pairs of serum dilutions varying from undiluted serum 
to 1:1000 dilution, are useful, 
(iv) Detection If Bound IgM Antibodies 

After 3 hours, serum dilutions are washed out and 50 |il 
peroxidase-labeled second antibody (anti-human IgM) is 
added to each well (the same preferred volume of the antigen 
or scrum). After 1.5 hours, the second antibody is washed 
out. and 50 ^ of peroxidase substrate is added. After 30 
minutes. 50 ^1 of 2.5N sulfuric acid is added to each well to 65 
stop the action of enzyme (peroxidase) on substrate, thus 
terminating production of chromatic product 
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(v) Measurement 

The plate is placed in an automatic plate reader which 
moves the plate to center each well over a beam of filtered 
li^t 80 that the optical density (O J>.) of tiie incident light 
(e.g., 490 nm) is read for each well and recorded. 

(vi) Conywlatiofl 

Optical density at 490 nm (OJ). 490) (Y axis) is then 
plotted against reciprocal serum dilution (X axis). An 
increase in slope of the reactivity curve at high antigen 
concentration is indicative of the presence of a secondary 
(low affinity) subset of natural human IgM antibodies. This 
increase Is not seen m assays of sera from patients diagnosed 
with AIDS. Thus, the observed absence of the increase in 
slope of the reactivity curve at high antigen concentration, 
representative of a low affinity subset of natural human IgM 
antibodies, can provide an additional modality for diagnosis 
of AIDS or ARC 

A system of computation can be devised to quantitate this 
low afSnity subs^ of naniral human IgM antibodies, i.e., to 
assess the proportionate titer of the secondary subset of 
natural human IgM antibodies represented by the increase in 
slope of the reactivity curve with high antigen concentration, 
as follows: 2 and 20 (ig/ml are empirically selected as 
suitable test antigen concentrations. The rise of the slope of 
the curve between two points on the X axis, serum dilutions 
1:100 (xl) and 500 (x2). may be expressed as the difference 
between the O.D. values on the Y axis for those two pointt. 
The mcrease in rise from that of the 2 ^g antigen curve to 
that of the 20 Jig curve is (O.D^l-OD.x2) at 20 pg/ml 
antigen minus (O.D.xl-O.D.x2) at 2 pg/ml antigen, and 
may be noted as A20rA2. 

Values for A20-A2 are then computed. A value of *'15" 
can be considered to be the lower limit of the "normal" iBoge 
for the protamine-reactive IgM antibodies. Values of 
OX).45^.10 for Tu-reacdve and 0.0.490=0.25 for SP8D- 
reactive IgM antibodies can be considered to be the lower 
limit of 1^ '^normal" range.^ A value within the normal 
range for an HlV-seiropositive scram is predictive of a 
latency period of at least two years before the manifestation 
of AIDS, and probably longer, while a low A20-A2 value is 
predictive that progression to the disease is imminent 
' These valnei are applicable only for the assity CBmed oat aa descdbed 
below. Ho>w(»er, throosjioal thit appUcatioo. "AlO-AZ" will be ued to 
dnignntn this value inopectivc of the antigen conceotiBlioa co^tloyed. 

It should be noted that it has been found that, while 
optimum results are always obtained when the ratio of the 
two concentrations of the antigen is 1:10, good results are 
also obtainable with other pairs of concentrations. 

It should also be noted that various body fluids of a patient 
may be used as an assay sample, e.g., serum, plasma, with 
scrum preferred for use. 

Ttw following is an explanation of the basis for derivation 
of the formula A20-A2 for esipression of the proportionate 
titer of protamine-reactive IgM attributable to tiie low affin- 
ity subuL Hie data discussed below is &om Rodman et al. 
(1990) Oin, Immunol ImmunapaihoL 57, 430-440. The 
numerical values (OJ>.) for the plotted points are as follows 
(taken bum FIG. la, normal (HTV negative) serum at left): 
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At 2Mg/ml the O.D. for serum 1:100 is 23 and for serum 
1:500 it is 12. At 20 pg/ml the O.D. for 1:500 is 41. If no 
other antibody set reactive with antigen were present, the 
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stoichiomrtiically expected O.D. for serum 1:100 (parallel 
wiih the 2 Jig curve) would be 49 instead; it is 73. Tie 
difference between the values for 100 and SOD represent the 
slope of the line between those two measurements. (By 
fcnnal definition, the slope of a line and the x-axis.) The ^ 
difference between the expected parallel line and the actual 
line is the difference in slope (or, puristically, the rise in 
slope). Thai deviaUon from parallel indicates that reactivity 
in addition to that expected has been expressed and included 
in the measured O.D., Le., that the reactivity of an additional lO 
set of antibodies reactive with that same antigen has been 
added onto the reactivity of the principle set Considerable 
experimental evidence supports the conclusion that, in the 
HLISA, with antigen immobilized, the binding of antibodies 
with low binding affinity may not be detectable at low is 
antigen concentration, but may be detectable at bigber 
antigen concentration. 

Thus, at 20 ^g/ml tlm reactivity of the second antibody set, 
with lower binding aSnity, is superimposed upon the reac- 
tivity of the principal set. Since the two sets have different 20 
bindng constants the slopes of their tines between scrum 
1 :S00 and 1 : 100 are different and the slope of the composite 
line resulting from that superimposition is different from that 
expected tf only the original (principal) set of antibodies 
were present The rise in the slope of the line for the ^ 
composite reactivities of the two sets represents that differ- 
ence and may be expressed mathematically as: (O.D. serum 
1:100-O.D. scmm 1:500 at 20 jig) minus (O.D. scrum 
1:100-O.D. serum at 2^g) or A20-A2. 

Thus, A20-A2 represents the increment in rise of the slope 
at 20 \i% due to the superimposed reactivity of the low 
affinity set of antibodies. By that computation, the A20-A2 
value of the example cited is 26. and that may be inteipreted 
as the proportionate titer of the total reactivity of the serum 
IgM attributable to the low affinity subset. 

The difference, at each antigen concentration, between the ^ 
O.D. for serum 1: 100 and serum 1:500, may be considered 
to represent the slope of that line. Thus, since the slope of the 
5 line is greater than that of the 2 line, that of (he 10 
fig line is greater than that of the 5 pg line and that of the 20 
pg line is greater than that of tiie 10 |jg line, but that of the 40 
50 pg line is not greater than that of the 20 pg line, tht value 
for the s\opc of the 20 (ig line may be considered to represent 
the.maximum inoiement in reactivity due to the low affinity 
set However, note: the selection of 2 and 20 is appropriate 
for Uiis set of reactions; for quantitation of the proportionate 45 
tiler of the natural antibody component of other systems, 
other sets of antigen concentr^ons may be appropriate and 
may be similarly determined. 

Following the same rationale as that applied to the normal 
serum discussed above (FIG. la), the absence of the low 
affinity set of protamine-reactive antibodies in the AIDS 
serum (FIG. 3a, scium at left) is manifested by the absence 
of rise in slope at ascending antigen concentrations and a 
low (or zero) value for A20-A2. 
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Thus. alUiough the total IgM reactivity with protamine of 
this AIDS senmi is similar to tiiat of the normal serum 
(desciibed above) all of that reactivity may be attributed to 65 
a single antibody set reactive with antigen, Le., the set 
immunogenically induced by protamine. 
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The rationale for immunogenic induction of protamine- 
reactive antibodies has been discussed (Clin. Immunol 
ImmunopathoL (\990) ST. 430) and may summariicd by 
reminder of the ontogeny of protamine, a DNA binding 
protein unique to sperm that is symhesized de novo in the 
post-puberal testis within the immunologically privileged 
seminiferous tubules. Thus, protamine may be considered an 
immunologically non-self protein and induced antibodies to 
protamine may be expected to be present in po^-puberal 
males and sexually experienced females. 

The molecular basis tot the difference in affinity for the 
two sets of protaminc-reactivc antibodies has not yet been 
resolved. The following possibilities are considere± 

1. Although both subsets are reactive with the same 
dccapcptidc, the fine epitopic specificities may difficr, 
e.g., at the level of position of a single amino acid 
residue. 

2. As interest in natiiral antibodies and their possible 
relationship to development of autoantibodies has 
intensified, suggestions and indications of molecular 
characteristics unique to natural antibodies, e.g., in the 
CDR3 region (Chen, C, Stenzel-Poore, M. and Ritten- 
berg, R,, (1991) / ImmunoL 147, 2359-67) have been 
noted. It may be conjectured that such characteristics 
could be the basis for lower binding energy. 

THERAPY 

The natural human IgM antibodies of the bveiUion may 
be used in therapy of AIDS and other immune abnormalities. 
It is envisioned that these antibodies may have a role in 
protecting an HIV-infected individual against the onset of 
AIDS. The antibodies may have similar protective effects tn 
individuals afflicted with, or with a predisposition for, other 
conditions of immune abnormality. Thus, it is envisioned 
that the antibodies of the invention can confer short term 
protection to a host by passive immunotherapy, i.e., by the 
administfation of such preformed low-affinity mmiral human 
IgM anti'bodies. Human immunoglobulin is preferred for 
such use because a heterologous immunoglobulin will pro- 
\ckc an immune response to its foreign immunogenic com- 
ponents. In one embodiment, the low affinity subset of 
natural human IgM antibodies of the invention may be 
isolated from pooled human sera in adequate quantities for 
use in passive immunotherapy, to defer the progression to 
AIDS in HIV positive individuals. The isolation of such 
human IgM antibodies is shown below in Example 5. 

Altematively, the CD5+ B-cells which produce the low 
affinity binding natural IgM antibodies of Uic present inven- 
tion may be isolated. Such B-cells can be immortalized, 
cultured in vitro and the IgM antibodies produced therefrom 
isolated, using techniques well-known in the art For 
example, once isolated, the CD5+ B-cells can be immortal- 
ized by, eg., infection with Epstein Barr Virus (EBV) as 
disclosed in Casali, et aL (Ann. Rev. ImmunoL, 7:513-535. 
1989). The B-cells can also be cultured indefinitely after 
fusion witii, for exanqilc heleromyeloma CB-F7 cells (Jahn. 
S., ei al., Clin. Exp. Immunol., 83:413-417, 1991). In any 
case, the low affinity IgM natiiral human anta)odies of the 
present invention can be (Stained firom the supematants of 
the immortalized B-cells or ftom the ascites fluid of mice 
inoculated with the immortalized B-cell and purified by 
techniques well-lcnown in the an such as ammoniimi sulfate 
precipitation, affinity chromatography, HPLC, etc. Such 
isolated IgM antibodies can then be adminisiered as 
described further below. 
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The natural h ^nian IgM antibodies of the present inven- 
tion (including the anti-protamine IgM antibodies) can be 
used in a mediod for treating an iiulividual infected with 
HTV compiising sdministering an amount of the na&nal 
antibodies effective for treating said individual. 

Detennining such effective amounts would require no 
more than routine procedures well known to those of ordi- 
nary skill in the art For example, a relatively low dose, e.g. 
0. 1 mg/kg body weight could be administered per month and 
the patient closely monitored for any changed in A20-^ 
value or disease status. If no effect is observed, incremental 
increases (e.g. log increases) of the natural human IgM 
antibodies of the present invention can be administered. 

The preferred route of administration of the natural 
human IgM antibodies of the present invention is parenteral 
including intraxlermal. subcutaneous, intra-muscular, intra- 
peritoneal and preferably intravenous. 

Any attenuation of the disease (e.g, prolongation of the 
latency period) pursuant to treatment with the natural human 
antibodiesof the present invention is within the «:ope of the 
invention. 

Molecular clones relating to the low a£Bmty natural 
antibodies of the invention can be prepared known 
tedmiques. Recombinant DNA methodology (as disclosed 25 
in Lemer. R. A. et al, Science. 258:1313-1314, 1992) may 
be used to constiuct nucleic add seque n ces which encode a 
monoclonal antibody molecule or antigen binding region 
thereof, with properties similar to those of the low aflSnity 
natural human IgM antibodies of the present invention. 

A murine monoclonal antibody molecule may also be 
valuable for use in passive immtmotherapy, by construction 
of so-called "chimeric antibody" molecules. Chimeric anti- 
body molecules may be prepared containing a mouse anti- 
gen-binding domain with human constant regions (Morrison 
et al., Pwc. Natl Acad. ScL USA 81:6851. 1984; Tikcda et 
al, NatuTK 314:452, 1985). AnuTwdies may be purified by 
known techniques, e.g., immunoabsoiption or immunosf- 
finity chromatography, diromatogr^hic methods such as 
HPLC (high performance liquid duomatography). or a 40 
combination thereof, etc. 

The progression of HIV infection firom state of latency to 
AIDS is accompanied by depletion of natural antibodies of 
the present invention. Thus, those natural antibodies may be 
a specific factor in maintenance of latency. For example, T^t 
protein is present in extiacelhilar fluid of HTV Infected cells 
in vitro and is believed to be present in circulating plasma of 
infected individuals (Ensoli, B. et aL, Nature 345:84, 1990; 
Jacovits, A. et al., Embo J. 9:1165, 1990). Similarly, since 
Tat is cndocytosed by T-cells and macrophages in vitro 
(Frankd, A. D. et al., CeU 55. 1988; Mann, D. A. et al, 
EMBO J. 10:1733. 1991). it is considered likely that the 
event occurs in vivo. Entiy of Tat into resting non-produc- 
tive HIV infected cells, therefore, may be an avenue through 
which an ever inCTcasing nunibcr of cells is activated to 
produce virus, leading to the consequent pathogenetic pro- 
gression to AIDS. A plasma borne host factor C£^able of 
suppressing Tst enoy or function may indeed provide the 
T"'' ^sTi^ through which the unique and variable period of 
latency between HIV infection and AIDS is maintained. The 
continued presence of 'nit may result in the progressive 
depletion of those antibodies. When their depletion is con- 
summate their defense Ainctioo may be abrogated and 
opportunistic infections enabled to flourish. Or, natural 
antibodies may be an integral part of an idiotypic network 6S 
(e.g. ab 1 ) and peituibaiion of the network through depletion 
of ab 1 cimld result in autoimmunity or other disregulation 
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of the immune system. Thus, perturbation of the network 
may be related— cause or effect— to the depletion of natural 
antibodies fallowing HIV infectiort That would be conso- 
nant with current interest in the possibility diat an autoim- 
mune factor may contribute to the pathogenetic progression 
from HTV infection to AIDS. 

Two different HIV TM-rcactive natural human antibodies 
have now been discovered. As shown in the Examples 
below, the antibodies recpgnize HIV 1^ amino acid residue 
Nos. 22-33 and 48-59. Both regions of Tat are essential for 
its function. Therefore, adnnnistration of these Ikt-reactive 
IgM antibodies to HIV-infected individuals who have "lost" 
these antibodies and whose disease will progress to AIDS in 
less than two years is a particulariy preferred embodiment of 
thie present invention. It is envisioned that restoration of the 
natural human IgM antibodies disclosed herein to sudi 
patients will forestall their progression to fall blown AIDS. 

The natural antibodies of the present invention have also 
been detected in some commercial preparation of intrave- 
nous immunoglobulin (IVIG), although other commercial 
preparations of IVIG lack the natural IgM antibodies of the 
presem inventiorL Such IVIG picparatians are cunently 
being successfully utilized to treat HIV-infiected individuals 
(Saint-Marc. T, et al.. The Lancet, 340:1347, 1992; Mofen- 
son, L. M., et al., JAMA, 268:483-488, 1992). Therefore, it 
may be advantageous to test the commercial IVIG materials 
for the presence of the natural IgM antibodies of the presem 
invention using the teachings presented herein as those that 
contain these antibodies are believed to be the most effica- 
cious when administered to HIV-infected individuals. The 
data showing the presence of the natural IgM antibodies of 
the present invention in IVIG Is presented below in Example 
5. 

Recently. Xu, H. et al. (Disease Markers. ^bL 10. 
115-141. 1992) described a circulating low molecular 
weight IgM consisting of a monomeric subunit of the usual 
pentameric IgM molecule and its presence in autoirrmumc, 
infective, immunodeficient and B-cell disorder. Using an 
enhanced detection system, Xu. H. et al (/ Immunol Meih. 
146: 241-247. 1992) were able to demonstrate the presence 
of low molecular weight, monomeric IgM in the sera of all 
normal adults analyzed and blood obtained from all newly 
delivered infants analyzed. Without wishing to be bound by 
theory, it is believed that the human natural IgM antibodies 
of the present invention are these monomenc, low molecular 
weight IgM antibodies described by Xu. H. et al. As the 
procedure of Xu, R et al. (J. Immunol Metk, supra) was 
said to be a sensitive (being capable of detecting 2 pg/ml of 
monomeric IgM). quantitative reproducible method, this 
procedure can be employed to identify and use the human 
natural IgM antibodies of the present invention. 

Pharmaceutical Formulations 

The present invention also provides phannaccutical for- 
mulations and dosage forms for parenteral use in treating an 
HIV infected individual to forestall the progression to AIDS. 
In general such dosage forms contain one or more of the 
natural human IgM antibodies according to the invention. 

The pharmaceutical formulations of the present invention 
may include, as optional ingredients, pharmaceutically 
acc^table vehicles, carriers, diluents, sohibilizing or emul- 
sifying agents, and salts of the type that are well-known in 
the art Nonlimiting examples of such substances include 
0.5N saline, distilled water and 5% dextrose. 

It will be appreciated that the unit content of active 
ingredient or ingredients contained in an individual oral or 
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parenteral dose of each dosage fonn need not in itself 
constitute an effective amount since the necessary effective 
amount can be reached by administration of a plurality of 
dosage units. 

The present invention is described further below in spe- ^ 
cific examples which are intended to further describe the 
invention without limiting its scope. 



EXAMPUE 1: NATURAL HUMAN IgM 
ANTffiODIES ARE IMMUNOREACTIVE WITH 
mv TAT PROTEIN AMINO ACID RESIDUE NOS. 
22-33 



10 



MATERIALS AND METHODS 



SERA 



HIV-positive sera were collected from blood specimens of 
individuals at risk for AIDS during the period 1983-1990, 
and stored in small aKquots at -60° C EHagnosis at speci- 
men collection and at subsequent dinical examinations 30 
allowed the sera to be assigned to three classes: (1) AIDS, 
(2) AIDS within 1 year, and (3) asymptomatic or state of 
latency for >1 year. The HTV negative sera were selected 
randomly from a store of 200 specimens, inchiding dona- 
tions from laboratory personnel and discards from clinical 15 
laboratories identified by age, sex. and "no clinical find- 
ings " Those specimens also were collected throughout the 
period 1983-1 990, and stored at 60' C HIV positi vity for all 
sera was dcterrraned by immunotransfer or by rc^rart from 
certified clinical laboratories. 30 
ANHGENS 

Recombinant HIV Tat protein (complete, residues 1-86) 
representing the BHIO, HxP2 isolates and HIV Ncf 
expressed in Escherichia coli, HTV gp 120 and HTV p24 
expressed in baculovinis, were obtained from American 33 
Biotechnologies Inc. (Cambridge, Mass.). Synthetic tnm- 
cated Tat was a gift, prepared as describeid (Laurence, J. et 
al., Pmc. Nat. Acad, ScL USA 88:7635, 1991). 11 overlap- 
ping dodecapcptides of Tat, including residues 1-82, con- 
structed from the sequence dcsoibed (Frankel, A. D. et al., 40 
Pmc. Nat. Acad. ScL £/SA 86:7397, 1989), were prepared by 
Multiple Peptide Systems (San Diego, Calif.). Opp, a dode- 
capeptide representing residues 33-44 of human protamine 
2b was prepared by the Rockefeller University Piotein 
Sequencing Service. All peptides were synthesized by the 43 
method of Merrifield (Meirifield, R. B., / Am. Chem. Soc. 
85:2149, 1963), and amino add content of each was varied 
by the Mass Spectrometric Biotechnology Resource of the 
Rockefeller University. 

EUSA 50 

IgM reactivity of each serum with Tat, peptides of Ik, 
gpl20, p24 and Nef was determined by ELISA as desoibed 
above. Briefly, 50 pi of 10 ^ig antigen/ml PBS was placed in 
each well (96- well microliter plates; Dynatech Laboratories, 
Inc., Alexandria, Va.), incubated at room temperature for 3 55 
hours, blocked with 3% BSA overnight at 50' C, then with 
1% preimmune rabbit serum for 1 hour. Blocking with 
pieimmune rabbit serum eliminated background attributable 
to the second antibody. 50 ^1 of the test serum (1:100) was 
added to the wells, incubated for 2 hours, followed by SO pi 60 
of the peiuxidasc-labeled second antibody: IgG isolated 
from seium of a rabbit immunized with purified total IgM 
from pooled normal sera, for 1.5 hours. 50 pi substrate, 
oitboi^enylene diamine (0.2 mg/ml) was a^ted to each 
well, allowed to incubate for 30 ndoutes at room tempera- 65 
ture, and the reaction stopped by the addition of 50 pi 12.5N 
HjSO^. After removal of each reagent, the wells were 
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washed 20 times with 0.05% Twccn 2(1/PBS. The O.D. at 
490nm, of each well, was read in a microplaie reader (MR 
700; Dynatech Laboratories, Inc.). All appropriate controls 
were included and caveats for correction for background and 
other methodologic sources of error in the ELISA were 
observed (Pnislin. F. H. et al., / ImmunoL Meth 137:27, 
1991). Each plate included both HIV-positive and HIV- 
negative sera, each reaction was carried out in duplicate, and 
each serum was assayed two to five times. Throughout the 
study, a single normal serum was assayed for reactivity with 
HIV Ik 4-8 limes with a mean corrected O.D. value of 
0.50±1.2. ELISA with Pp as antigen and calculation of the 
proportionate titer of the low affinity subset of protamine- 
reactive IgM, designated as the natural antibody subset, was 
carried out as described above. 

DITHIOTHRErrOL (DTT) TREATMENT OF PEPTIDES 
Tb determine whether the epitope of Tht with which the 
serum IgM antibodies are reactive is represented by the 
linear sequence of Ik peptide No. 4 (SEQ ID. NO:4) or by 
a conformation dependent structure resulting from S — S 
bonding of the cysteinyl residues, assay of the reactivity of 
HTV-negative and HIV-positive sera with Ik peptide No. 4 
was carried out by the conventional procedure with the 
peptide in PBS and, in parallel, with Ik peptide No. 4 in 10 
mm DTT/PBS. The same procedure was carried out for 
serum IgM reactivity with Pp (See T^le 2). 
IMMUNOTRANSFERS OF IgM AND IgO REACTTVITY 

Immunotransfers of representative sera with each 
HTV proteins was carried out as follows. A wide PAGE of 
each HIV protein (gpl20, p24,Nef, Ik, synthedc truncated 
Tat) was prepared and transferred to Immobilon P mem- 
brane. A pair of 2-mm strips, representing 1.5 pg protein 
each, were incubated in 1:100 dilution of serum for 2 hours 
at room temperature. The strips were washed with PBS/ 
Tween 20, then one of each pair was incubated in peroxi- 
dase-labeled rabbit IgO anti-human IgM and the other in / 
anti-human IgG, washed, and incubated in substrate, / 
3-amino-9-ethyl carbazole, for 1 hour. Reaction was stoppe^/ 
by washing (H^O) and air diying. 

RESULTS 

ASSAY OF SERA FOR IgM REACTIVITY WITH TAT 

Sera of 66 HIV-negative and 60 HIV-positive adult males 
and females, none of whom had received antiviral or 
immune-coiTective therapy, were assayed for IgM antibod- 
ies reactive with HIV ISL As shown (FIG. lA), of the 
HIV-negative sera from clinically normal subjects, 100% of 
the female and 95% of the male sera had titers within a 
circumscribed langc. For the HIV-positive sera (FIG. IB), 
66% of those diagnosed with AIDS (Qass 1), 40% of those 
from patients for whom a diagirasis of AIDS was entered 
within 1 year (Class 2), and 35 of those who remained AIDS 
free for >1 year (Qass 3) bad liters below that range. These 
data suggest that progression to AIDS is accompanied by a 
decline in HIV-positive sera of a constant component of 
normal sera: a set of IgM antibodies reactive with HIV TU 
proteia 

HTV-NEGATIVE SHIA ARE NOT REACTIVE WITH HTV 
PROTEINS OTHER THAN TAT 

Further assurance for the specificity and unique occur- 
rence of the Tat-reactive antibodies (FIGS. 2A and 2B) was 
sought by inspecting the reactivity of a representative group 
of sera with other HTV proteins as well as Tsm, and by 
utilizing another method of immunochemical analysis (FIG. 
3). The HIV proteins secreted for this comparison were the 
structural proteins gpl20 and p24 and, in addition to Tat, 
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another regulatory protein, Nef. The most frequently used 
criterion for HTV positivity is that of reactivity with the 
structural proteins. There is well-acc^itcd evidence that 
antibodies to the envelope protein gpl20 appear soon bSIct 
infection and are present at all subsequently stages (Allan. J. 
ct al.. Science 228:1091. 1985), while antibodies to the gag 
protdn, p24, decline as disease progresses (Biggar, R. J. et 
al.. BriL Med. J. 291:997, 1985). TTw role of the Nef protein 
in HIV rcplicatibn or expression in vitro has not been clearly 
defined (Cullen. B. R„FASEBJ. 5:2361. 1991). Detection of 
antibodies to HIV Nef in sera of patients at all stages of HIV 
infection has been reported (for review, see Oilman, B. et 
al., / Immunol 146:1560, 1991); that prevalence, however, 
has been questioned (for review, see Cheingsongo-Popov et 
al., AIDS Res, Hum. Retrovir. 6:1089. 1990). 

Detection of l^-reactive IgG antibodies in some HIV- 
positive sera has been reported and interpreted as evidence 
of immune response to the viral protein; no reactivity with 
by IgG of HIV-negative sera was observed (Krone, J. A. 
et al., /. Me± Virol 26:261, 1988; Reiss, P. et al., /. Acq. 
Immuno. Def. SytuL 4:165, 1991). However, to correlate the 
data disclosed herein with those previously published 
(Krone, J. A. et al., supra.; Reiss, P. et aL, supra), inunu- 
notramfers of IgG reactivity of each serum with each HTV 
protein were included (FIG. 2A). As shown in FIG. 2A, the 
IgG reactivity of each seium with each of that panel of HIV 
proteins ia in accord with the refened published data. 

Sera nos. 1 and 2 (HTV negative) show no reactivily with 
gpl20; sera nos. 3. 4. and 5 (HIV positive) show weak IgM 
and strong IgG reactivity with gpl20. Only serum No. 5 
(state of latency) displays reactivity. IgM and IgG, with p24. 
The three HIV-positive sera (nos. 3, 4, and 5) show IgG 
reactivity with Nef, and sera nos. 4 and 5 show IgM 
reactivity, as well. In acoordancc with the data of FIG. 1. the 
HIV-negative sera (nos. 1 and 2) show high IgM reactivity 
with 'M, while the two AIDS sera (nos. 3 and 4) show no 
discenu'ble reactivi^. and the HIV-positive, state of latency 
scrum show moderate IgM rcactivi^ with Tat Each display 
of IgM reactivity with Tat is accompanied by display of IgG 
reactivity, although the relative densities of die IgM and IgG 
bands differ for the fflV-negative and HIV-positive sera. 
Reactivity with the truncated synthetic Tai (FIG. 2. lane g) 
is romparable, for each serum, with that with the recombi- 
nant Tzl (lane f), thus assuring that the observed reactivity is 
not attributable to autogenous proteins of the bacterial 
vector. The IgM reactivities displayed for each seium by the 
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FT IS A (FIG. 2B) are markedly consistent with those 
detected by the immunonansfcR (FIG. 2A). 
ASSAY OF SERA FOR NATURAL IgM ANTIBODIES 
RBACnVE WITH PP 

This probe for natural antibodies reactive with HIV Tat 
was suggested by the linear sequence of the epitope for the 
set of protamine-reactive IgM antibodies previously char- 
actoized in U.S. patent application Ser. No. 07/924,412. 
That qjitopc was identified as one with a concentralioii of 
four arginyl residues, consisting of a triplet plus one within 
a six-residue sequence. 

Therefore, the identification of an aiginine-rich sequence 
in HIV Titt (Aiya. S. K. et al.. Science 229:69. 1985) was 
provocative and suggested that the same set of natural 
antibodies might display reactivity with T^ 

In that regard, each of the seia assayed for Tkt-reactive 
IgM antibodies (FIGS. lA and IB) was assayed also for 
titers of natural IgM antibodies reactive with a peptide, Pp 
(FIG. 3), representing a 12-residue sequence of protamine 
and including one copy of the deduced epitope. 

The protocol and formula for deriving the proportionate 
titer of protamine-reactive IgM antibodies comprising the 
low affinity subset and designated as natural antibodies, 
distinct from a subset of high affinity IgM anti-bodies 
attributable to immunoinduction by protamine of sperm, 
have been described above. By application of that formula, 
the titer of natural antibodies reactive with Pp was derived 
for each serom (FIG. 3). As shown, the general distributions 
of Pp-reactive (FIG. 3) and T^-reactive (FIGS. lA and IB) 
natural IgM antibodies in the various groups of sera are 
sioiilar. Mth the lower limit of the normal range designated 
as 0.10. only 11% of the HIV-negatiye sera show titers of 
reactivity with Pp below that limit (FIG. 3A), while, of the 
HIV-positive sera (FIG. 4B), 96% of those from patients 
diagnosed with AIDS (class 1). 80% of those from patients 
diagnosed with AIDS wittiin 1 year (class 2), and 7 1 %. from 
those who remained AIDS-free for more than 1 year (class 
3) show titers below the normal range. 
PROBE FOR THE EPITOPE OF TAT RECOGNIZED BY 
SERUM IgM 

Identification of the epitope was sought by assay of sera 
of each (as in one) of the two groups, HIV negative and HIV 
positive, for IgM reactivity against a series of ovcri^ping 
peptides of 7^ Pp, and the total 1^ The results are set forth 
in l^e 1 below. 



TABLE 1 



EPrrOPE SPECTiaTY for HIV TAT-REACnVE IgM ANTIBODIES 



O.D. 490 nm 



HJV-neg HIV-pt» 



Seq. ID. No. Reiidues Tu. ?epdda 



Sonm 1 2 3 



S 6 



«1 


1 


1-12 


Met Gh Pro VbI Asp Fto Aig Lea CHn Tkp Lyi 


#2 


2 


8-19 


UaGlQPro'npLTsKsProGlyScran^Lyv 


«3 


3 


lS-26 


Gly Ser Gin fto Lyt Tlr Ala Cyt Tlir Am Cyi Tyr 


#4 


A 


22-33 


CytThrAsaCysTyrCytl^I^CytCysPfaeHii 


95 


i 


29-40 


Ijft Cyt Cyj (Tie Hi J Cyi Gin Val Cyi Ptic He Tbz 


«6 


6 




VttCytne Do Tlv Lyt Ab Lea Cfy neSerlVr 


#7 


7 


43-54 


Leu Oly neSeriyrCnyAiBl^ Lys Ai| AisOio 


fS 


8 




Lft Lyt Arg Aig Qtn Aig Aig Aig P» Vro Gin <Hy 


ff9 


9 


57-68 


Aij Pro Pro Gin Glj So- Qn Tin His Gin Vol Scr 


«10 


10 


64-75 


TfarHIsGb^USerLesSerLysQnPnTbrSer 


«11 


11 


71-82 


LTtCtaftoTtirSerGlnSeiAigGlyAtpPn'ntr 


Ppl 


13 




Scr Cy» Arg Hii Arg Aix Arg Mj A^g Arg Gly Cyi 


Tat 




(1-86) 





.26 31 .13 .11 .21 21 



JA .39 .22 .26 .18 JO 
35 .49 33 .09 .17 JO 
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Tht apparent homology of aiginine distribution in and 
Ik peptide No. 8 (SEQ ID NO: 8) engendered the expecta- 
tion thai both would be rccognizod by the same set of IgM 
antibodies. It was particularly surprising, theiefoic. to 
observe no reactivity by any of the sera with the arginine- 
rich T)u peptide No. 8. nor with any of the T^t peptides other 
than peptide No. 4 Cl^ble 1). All sera, of both groups, were 
reactive to varying degrees with Tat peptide No. 4. with Pp, 
and with total TaL The limited homology between the two 
dodecapeptides, peptide No. 4 and Pp, suggests that this 
study has revealed two sets of natural antibodies: one 
reactive with an epitope characteristic of Tat peptide No. 4, 
and another with an epitope indigenous to Pp. but not 
present in TVu peptide No. 4 nor in any linear sequence of 

The assays of senim IgM reactivity with and with the 
peptides of Tat displayed in l^le 1 were carried out in the 
conventional protocol, which included solution of antigen in 
PBS. The presence of five cysteinyl residues in Tat peptide 
No. 4 suggested that the epitope might be dependent upon 20 
S — S bond-induced conformation. Therefore, HlV-negative 
and HIV-positive sera of each class were assayed for reac- 
tivity with Tat peptide No. 4 in 10 mm DTT and compared 
with the reactivity of peptide No. 4 in a conventional 
(nonreducing) medium. The sera were assayed also for 23 
comparative reactivity of Pp in conventional and reducing 
solution. The data arc set forth in Table 2 below. 
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mational one that is recognized by both HIV-positive and 
HTV-negative sera. 

EXAMPLE 2: NATURAL IgM ANTIBODIES 
REACTIVE WITH AN 80 kD SEMINAL 
PLASMA PROTEIN ARE PRESENT IN 
NORMAL AND DEHCIENT IN fflV-POSmVE 
SERA 

For each of the two sets of natural IgM anUbodies defined 
above specific epitopic requirements were demonstrated 
suggesting that polyreactivity may not be an obligate prop- 
erty of natural (non-immune-induced) antibodies. That 
proposition is supported in the data presented below in 
which a third set of natural IgM antibodies displaying 
specific and selective ^tope recognition, differing &om 
that of the other two sets, are defined. 

In the data presented in U.S. patent ^plication Ser. No. 
07/924,41 2 above, the dichotomy of "present in normal sera 
and ateent or deficient in AIDS sera" for IgM antibodies 
reactive with a fraction of sperm surface components was 
demonstrated. The principle reactant of that fraction has now 
been identified as an 80 Kd protein (SP80) that is present in 
seminal plasma as both glycosylated and non-glycosylated 
valiants, with adherence to spena surface displayed only by 
the glycosylated form. The IgM naniral antibody reactivity 
of SP80 has been resolved to a 10 Kd fragniieni of the 



TABLE 2 



A. HTV-l Tm Protein 

MEPVDPRLEPWKHTCSQPKTACmCYCKKCXn^CQVCFn'AKALGISYGRK^ 

Seq. ID No. Reddaet Sequence 



Tat pqidde 

1 1 1-12 MEPVDPRLEPWK 

2 2 a-19 LEFWKHPGSQPK 

3 3 15-26 GSQPKTACTKCY 
* 4 22^33 CTNCVCKKCXTH 

5 S 29-40 KCCFHCQVCFIT 

6 6 36-47 VCFTTKALGBY 

7 7 43-34 LjGISYGRKKRRQ 
S 8 SO-Sl KKRRQRRRPPQG 

9 9 57-68 RPPQGSQTHQVS 

10 10 64-73 THQVSLSKQPTS 

11 11 71-82 KQPTSQSRGDFT 

12 12 4S-39 GRKKRRQRRRPP 
PfOtHnnno pcptidci 

Ppl 13 33-44 SCRHRRKHRRGC 

Pp2 14 24-35 PSCSKRKRItSCR 



The data of Tiblc 2 show that the reactivity of sera with 
T^l peptide No. 4 is virtually eliminated when the antigen is 
in the reduced state, thus establishing that the epitope on Tat 
peptide No. 4 is conformation dependent. With regard to Pp, 
the presence of DTT resulted in only moderate decline in 
reactivity, suggesting that the epitope of Pp recognized by 
serum IgM has little dependence upon the conformation 
induced by S — S bond between the two cysteinyl residues, 
and confirming the previous observations that the lepedtive 60 
qritope of protamine is that of a triplet plus one of aiginine 
in a linear six-residue piece. The demonstration of the 
difference in response to DTP treaiment by the two peptides, 
l^t No. 4 and Pp, serves, fortuitously, to validate the 
discriminatory capability of that treaiment for detecting 65 
S — S bond-dependent conformational epitopes and supports 
the interpretation that the epitope on HIV Tat is a confor- 



dcnatured protein. Homology of SP80 with lacioferrin. an 80 
kD iron-binding glycoprotein, found in milk, plasma, 
mucosal secretions and granules of neutrophilic leukocytes, 
has been reported or suggested (Masson, P. L. et al., Clin. 
Chim. Acta 14:735. 1966; Goodman. S. A. ct aL, I Repntd- 
ucu hnrmmoL 3:99. 1981; Hcman A. ct al., Pmtides BioL 
Fluids 16:549, 1969). That homology and corresponding 
homologous reactivity of human IgM natural antibodies arc 
firmly established here. The questions that may then arise 
concern the mechanism of tolerance for a set of natural 
antibodies reactive with a protein so ubiquitous in human 
tissues and the import of the loss of those antibodies, as well 
as the other distinctive sets of natural antibodies, in the 
course of HIV pathogenesis. 

In the data presented below, the following methods were 
utilized. 
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Preparation of SP80 Spedmena of semen, obtained &om 
clinically normal volunteer donors, were collected, allowed 
to liquefy, and pooled. Spenn-firee plasma was obtained by 
centrilugation and separated by DEAE ion exchange chro- 
matography (Friesen, H. S. et al., J. Applied Biochem. 3: 164, 
1981} into a pool of basic (above pH 7.8) and a pool of 
addic firactians. Each pool was subjected to gel filtration 
(Sephacryl S 300 HR, Phaimada Inc.. Piscataway. NJ.); the 
first fraction of each pool was resolved at 80 Id) and was 10 
designated SP80-acidic and SP80-basic, respectively. Lacto- 
fenin dF) from human milk was obtained fmm a commer- 
cial source (Sigma, St Louis, Mo.). 

Stain for Glycan was canied out by use of the Glycan 
Detection Kit ^oehringer Mannheim Corp.) utilizing oxi- 13 
dation with periodate, labelling widi steroid t^ten digitoxi- 
genin and detection with an antibody-alkaline phosphatase 
conjugate. 

Cyanogen bromide (CNBr) tieatmenl of SP80-addic, 
SPSO^asic and LF were cauied out as described for LP ^ 
(Metz-Boutique. M H. et al., Eur. . J. Biochem. 145:659, 
1984). Briefly, a 70% formic add solution of the protein was 
incubated widi CNBr (200-fold molar excess) in the daik for 
18 hours at room temperature. Following ly(^hilization, the 
cleavage mixture was dissolved in sodium dodeoyl sulfate ^ 
(SDS) and electrophoresed to display the paoera of cleavage 
fractions. For the second cleavage treatment of ftaction 1, 
the fraction was cut out of the gel and an aqueous extract of 
the peptide fragments was subjected to a repetition of the 
CNBr treatment, extended to 48 hours. 

Immunoreactivity. Immcdiilin P membiane (Millipare) 
transfers of the polyacrylamide gel electrophoresis (PAGE) 
of SP80 addic, SP80 basic and LF were tested with (1) 
rabbit antiscnim raised by immunization with purified SP80 
followed by peroxidase labded. affinity purified goat IgG 
anti-rabbit IgG (Tago) and (2) normal human scram fol- 
lowed by affinity purified rabbit IgG anti-human IgM. \i 
chain spedfic (Kiikegaard and Perry Inc.). 

HJS A of human serum IgM reactivity with fraction 7 of 
SP80 (SP80 fr7) was carried out by protocols previously 
described (Rodinan, T. C. et al., Clin. Immunol Immuno- 
path. 57:430. 1990; Rodman. T. C. et al., /. Ejip. Med, 
175:1247, 1992; Rodman. T. C. et al., / ImmwioL MetK 
94:105. 1986; PmsUne F. H. et aL, / Immunol Meth. 45 
137:27, 1991). The plotted O.D. values (FIG. 7) are those of 
re^vity of scrum 1: 100 wiUi 20 |ig/ml SP80 fr7. with the 
OD. value for "scrum background" (scram 1:1(M), no anti- 
gen) wbtracted. Each O.D. value is the mean of 2-5 separate 
assays. Each microtitcr plate included both normal (HTV 59 
negative) and HTV positive sera. 

Absorption of the SP80 fr7 reactive antibodies of human 
sera was carried out by use of CNBr activated 
SEPHAROSE® 4B resin (Pfaarmada Inc.) Serum (1:100) 
was passed (by gravity) through columns of successive 55 
lengths containing SP80 fr7 bound to the resin: 400 \ig 
protein/g resm. The three absorption columns were: 6 mm 
containing O.l g, 21 mm containing 0.3 g and 35 mm 
containing 0.5 g of SP80 fr7-bound resin. The flow through 
(absorbed serum) from each column was then tested by fio 
ELIS A for separate reactivity with SP80 fr7 and the pqitidcs 
containing the reactive sites of the two above previously 
cbaracteiized sets of natural IgM antibodies of human sera. 

RESULTS 

65 

CNBr treatment of lactofenin. SP80-addic and 
SPSObaslc produced ^iparently identical deavage patterns, 



separable into fractions 1 to 8 (FIG. 5A). Similar patterns of 
reactivity with a rabbit antiserum generated by imminii7,fl- 
tion with 5P80 were displayed by all fractions of each of the 
three proteins (FIG. SB). Immunoreactivity with IgM of 
human sera was also displayed by the three proteins. How- 
ever, in contrast to the reactivity displayed by the rabbit 
inmiune serum, the reactivity of the human sera, putatively 
due to a set of natural antibodies, was restricted to fractions 
1 and 7 (FIGS. 5C,D). Further CNBr treatment of fraction 1 
(FIGS. 6A and 6B) resulted in two fragments concsponding 
in position to fractions 5 and 7 of the original cleavage 
pattern (FIG. 5A) and, again, reactivity with human scrum 
was demonstrated only with the fragment corresponding to 
fraction 7 (FIG. 5B). Apparentiy. therefore, fraction 1 
obtained by the first C^IBr treatment inchided the moiety of 
fraction 7 with which human setum IgM is reactive and that 
reactivity is spedfically restricted to the pcptide(s) segre- 
gated in fraction 7 of both LF and SP80. 

Lactofenin is composed of two dosdy homologous lobes 
each containing a single glycan side chain (Metz-Boutique, 
supra; Anderson, B. P. et al., / Mol Biol 209:711, 1989). 
Since the carbohydrate stain was demonstrated only in 
fraction 7 foUowhig CNBr deavage of LF and 5P80 (FIG. 
5E) it appears that both glycans as well as spedfic immu- 
noreactivity with human serum IgM are congregated in 
frm:tion 7. Evidence that the immunoreactivity is not depen- 
dent upon the carbohydrate is provided by the data of FIGS, 
5CD. showing that tiie human sera are reactive witii the 
SP80-basic as weU as tiie LF and SP80-addic. 

The data of FIGS. 7A and 7B show that IgM antibodies 
reactive with fraction 7 of SP80 are present, in a drcum- 
scribed range of titers, in normal HIV-negative sera. For 
HIV-positive sera, titCTS bdow the defined normal range are 
displayed by a progressively greater percentage of sera as 
imminence of diagnosis to AIDS progresses. Thus, while 3% 
of the 71 normal HIV-negative sera had titers bdow the 
designated lower limit of the normal range, 70% of those 
HIV-positive sera from patients diagnosed with AIDS or 
ARC at the time of spedmen collection, 42% of tiiose 
diagnosed within one year and 13% of those not meeting the 
criteria for diagnosis of AIDS within one year, had values 
below that limit. 

Identification of the IgM antibodies of normal human 
scrtun reactive with one or more moieties of SP80 fr7. as a 
spedfic subset distinct from two subsets of IgM antibodies 
previously identified above (i.e. protamine and Iht ammo 
add resicfaie Nos. 22-33) and designated as natural antibod- 
ies is provided by the data of FIGS. 8A-8C. Those data 
show that, following depletion of SP80 reactive antibodies 
by abscsption, both HIV-positive and HIV-negative sera 
retain full reactivity with a peptide of HTV Tat and with a 
peptide of protamine, each of which indudes an epitope 
previously shown to be recognized by a spedfic set of I^ 
antibodies. 

Natural antibodies frequently have been characterized as 
low afilni^. However, as noted previously, it is not feasible 
to measure the affiiuty constant of an individual set of 
antibodies in the polyvalent context of scrum. Procedures 
were established to separately identify and assay a set of 
natural, low affinity antibodies reactive with an epitope of 
protamine homologous or identical with the epitope for a set 
of inunime-induced, presumably high affinity, antibodies. 
The ontogenetic and molecular uniqueness of protamine, a 
DNA binding protein occurring only in spennatozoa, indi- 
cated that two such sets of antibodies reactive with prota- 
mine are present in normal adult sera. Upon the assumption 
that antibodies of low affinity do not bind appredably at the 
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low concemrstions of immobilized antigen (eg., as in the 
ELISA] at winch antibodies of high affinity may bind, the 
reactivity curves of EUSA of IgM of sera with human 
protamine 2b and with constituent peptides of that protein, 
were examined. In accordance with that assumption, for s 
viituaUy all normal sera examined, a sharp rise in slope of 
those curves were observed at the hi^er antigen concen- 
trations. That rise was attributed to the reactivity of a lower 
affinity, but epitopically similar; subset of IgM antibodies. A 
formula was then devised for measuring the titer of ami- lo 
bodies represented by the increase in rise of slope. For that 
system, it was found empirically, that the lowest antigen 
concentration at which specific reactivity of serum at dilu- 
tion of 1:500 was detected was 2 ^g/Inl and the change in 
slope was manifested by scrum at dilution 1 : 1 00 in die range 1 3 
of antigen concentrations of 5 to 10 Mg/ml. Therefore, the 
formula for derived O.D. of the low aflSnity subset was 
constructed: 

When the A20-^ formula derived initially from IgM 
reactive with protamines (or the affinity binding} was ^ 
applied to IgM reactivity with SP80 fr7, similar evidence for 
a low affinity subset of those antibodies was presented 
(FIGS. 9A and 9B). Although the attrition of that subset for 
SP80 reactive IgM was not as marked as that of the 
protamine-reactive IgM, a circumscribed range of normal 23 
tilers was evident and the percentage decrease in the HIV 
positive sera followed the progression of imminence to a 
diagnosis of AIDS (FIGS. 9A and 9B). 
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IgM antibodies reactive with lactoferrin and its seminal 
plasma homologue, SP80, are presem in human sera. Fol- 
lowing CNBr fractionation of the several variants of that 
protein, milk lactoferrin, SP80 glycosylated and SP80 non- 35 
glycosylated, the serum IgM reactivity was segregated in a 
single fraction, suggesting that the reactive site for the IgM 
antibodies is restricted to a specific sequence of the mol- 
ecule. In contrast, reactivity with an immune serum, i.e. 
seium of a rabbit immunized wiUi SP80. is displayed with all 40 
fractions of Uie cleaved protein. That distinction, together 
witii detection of lactofeirin/SP80 reactive IgM antibodies in 
all sera of a set of clinically normal males and females 
within a limited range of titers, allows the designation of that 
set of human IgM as natural antibodies. In addition, tiiose 45 
antibodies are depleted in the course of HIV infection and it 
has been confirmed that the lactofenin/SPSO reactive anti- 
bodies are specific ami non-cross reactive with two otiier 
distinct sets of natural antibodies identified above in normal 
sera and found to undergo that depletion. 50 

Although not all of the biological functions and involve- 
ments of lactoferrin have been ducidate4 its extensive 
occurrence in various cells and tissues, inclodiog blood 
plasma, is well established (Sanchez, L., et al., ArcA. Dir. 
Child. 67:657, 1992) and its accessibility to circulating ss 
antibodies is cleariy evident. Therefore, the determination 
dial a set of IgM antibodies reactive witii lactoferrin, and its 
seminal plasma homologue SP80. is present in all normal 
sera provokes questions as to the significance of those 
antibodies. W^th the current great expansion of interest in 60 
natural antibodies several new bodies of information, 
including concepts and data, have developed. In particular, 
Uie relationship between natural antibodies, ix. those that 
arise indepcndcntiy of known immune induction, may be 
reactive with autoantigens but are nonpalhogemc, and 6S 
autoantibodies, i.e. those that are reactive witii autoantigens 
and are known or suspected of being involved in pathogenic 



processes, has stimulated several new trends of conjecture 
and investigation (Algiman, N. et al. Pmc. Nai'l Acad. ScL 
USA 89:3795, 1992; TWnano, A. et al. Pivc Nat'L Acad. 
Sci USA 89: 4447, 1992; Stein, R. et al. Clin, Exp. ImmmoL 
85:418. 1991;DeFranco, A. Warurt 357:14, 1992). One such 
trend tiiat may have relevance to the data presented herein of 
die attrition of natural antibodies following HIV infection 
concerns tiie potential role of natural antibodies in the 
equilibrium of the idiotypic network. Thus, perturbation of 
ti»e network may be related— cause or effect— to die deple- 
tion of natural antibodies following HTV infection. That 
would be in tine with current inquiry into a possible autoim- 
mune component of the pathogenetic progression to AIDS 
(Wang, H et al.. Eur. J. bnmunoL, in press, 1992; Veljkovic, 
V. et aL Immunol Today 13:38, 1992; Hoffimn, G. W. Pmc 
Nat'L Acad Sci USA 88:3060, 1991). 

EXAMPLE 3: NATURAL IgM ANTIBODIES 
IMMUNOREACnON WITH A SECOND 
EPITOPE IN HIV TAT PROTEIN 

As described above, three sets of natural IgM antibodies, 
each wiUi highly specific epitopic reactivity (i,e., protamine, 
SP80 and HTV Tat protein amino acid residue Nos. 22-33) 
have been identified and the presence of significant titers of 
each in virmally all normal sera demonstrated and examined 
and the deficiency or absence of each in an increasingly 
greater percentage of HIV positive sera as imminence to 
ADDS progresses. The dichotomy of "present in HTV nega- 
tive and deficient in HTV positive sera" was demonstrated 
for a set of IgM antibodies sped fically reactive with HIV Tat 
the regulatory protein essential for HTV replication (Arya, S. 
K. et al.. Science 229:69, 1985; Fisher. A. G. et al., Nature 
320:367, 1986; Dayton, A. T. et al., CeU 44:941, 1986). 
Those antibodies, non-immune in origin and designated 
natural antibodies, were detected in all of the 66 normal, 
HTV negative sera reported (and in 20 subscquenUy exam- 
ined). The tilers of Tit-reactive IgM antibodies of 97% of 
those HTV-negative sera were within a circumscribed range. 
Of the HIV-positive sera examined, however, over 50% had 
titers of those antibodies that were below the normal range, 
with tiie greatest attiition. 66% below normal and 16% 
below die limit of detection, in sera of patients diagnosed 
with AIDS at specimen collectioa 

As described in Example 1 above, by use of a series of 
overiapping peptides representing tite 1-82 amino acid 
sequence of HTV-Tit, a reactive site for tiie human IgM 
antibodies was localized to residues 22-33. In acconlance 
with the high cysteine content of Uiat sequence, the reactive 
site was found to be dependent upon a cys — cys conformed 
state. However, when die reactivity of each serum witii total 
T^t protein (Recombinant HIV Tat, expressed in E. coU. was 
obtained from American Biotechnologies Inc^ Cambridge, 
Mass.) and wiUi peptide 22-33 were compared (Table 4). it 
was apparem tiiat, for all HTV negative sera and a proportion 
of Uk HIV positive sera, tiie total T^t reactivity included a 
component in addition to that displayed by reactivity with 
peptide 22-33. Therefore, die possibility was presented tiiat 
none of tiie 1 1 dodecapqitidcs of Tit (Table 1) employed to 
localize tiie IgM reactive site(8), altiiough constructed witii 
5 residue overlaps, included Uie complete sequence for 
anotiier naniral antibody epitope. Presented below is tiie 
identification of anotiier set of IgM natural antibodies reac- 
tive witii anotiier specific sequence of "ftt (T^ble 5) and 
confinnation tiiat tiiose two sets of antibodies comprise the 
total Tat reactivity in HTV negative and HTV positive sera 
Cftble 3). Particularly significant is tiie disclosure tiiat tiie 
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two epitopes recognized by the Tto reactive natura] antibod- reactivity with HIV 1^ in both HIV jmsitive and HIV 

ies are coincident with the two sfqnfgicftit and specific negative sera. As shown, absorption of a saum from each of 

residues of HTV Tax shown to be essential to Tat function the three groups, HIV negative, HIV positive Oatency) and 

(Cullcn. B. R., Cell 63:655. 1 990; Cahian, B. J. ct al.. Genes HIV positive (AIDS) on peptide 22-33 and 48-59, consccu- 

Devehp. 5:201, 1991). 5 Uvcly, removed aU IgM reactivity with total Tat (Tible 6 and 

Consonant with the concept that naiuiai antibodies may FIGS. IIA and IIB), Additional absorption studies firmly 

provide a "first line of defense" (Casali, P. et aL, Ann Rev, establish the separate identities of the epitopes for each of 

ImmunoL 2:513, 1989) against an infectious invader is the Itwsc two sets of antibodies fiyjle 6, FIGS. lOA, lOB, llA 

inference that such antibody mediated defense would imply UB). 

reasQcably specific recognition by the antibody for a com- As has been demonstrated above, there ousts a high level 

ponent of the '*invadex". The data presented in Example 1 of epitopic specificity of 3 sets of natural antibodies: the 

above showed that the epitope for a set of natural antibodies above noted cysteine-rich sequence of 1^ a 10 kDa frag- 

reactive with the invader HIV Tat, is specific and occurs ment of the 80 kDa glycoprotein, lactofenin and the repeti- 

within the cysteine-iich. domain, which is one of the two tivc aigininc-rich sequences of protamine and the separate 

sites of T^t found to mediate its fimction in transactivation epitope for each set has been defined. The question of 

of HIV RNA (CuUen, B. R.. CeU 63:655, 1 990; Calnan, B. whether the set of IgM antibodies reactive with the aiginine 

J. et al.. Genes Develop. 5:201, 1991). As disclosed in U.S. rich 1^ peptide 48-59 is the same set that is reactive with 

patent application Set. No. 07/924,412, normal human sera protamine was addressed, also, by absorption procedures 

contain a set of natural IgM antibodies reactive with prota- (Tsihlc 6 and HGS. IIA and IIB). The data of Table 6 and 

mine, an arginine-rich spenn-umque nuclear protein. The ^ FIGS. IIA and IIB affirm that the set of antibodies reactive 

possibility that, a specific epitope for another set of namtal with Tst 4&-59 is not reactive with tht 22-33, but that it is 

antibodies reactive with HIV T^ nught be embodied within reactive with the two protamine-deiived peptides, Ppl and 

the other designated functional site, the basic aiginine-rich Pp2 (The protamine peptides, each representing a 12 residue 

domain, was investigated. sequence of human protamine 2b (McKay, D. J. et al., Eur. 

Although some differences in otperimental approach and jj J- Biochem. 156:5, 1986) were synthesized by tiie Rock- 
inteipietation have arisen concerning the significance of efellcr Univenity Protein Sequencing Service and amino 
each domain or residue in 1^ fimction, the consensus acid content verified by the Mass Spectromciric Biotech- 
appears to include the following: 1 . the cysteine-rich domain nology Resource of Rockefeller University. Ppl (residues 
is essential for Tin function, possibly tiuough conforma- 33-44 (SEQ. DO. NO: 13)) SCRHRRRHRRGC; Pp2 (resi- 
tional and dimerization effects (Frankcl. A. D.etal.. Science 30 ^^^^ ^^'^^^ RCCRRRKRRSCR). The 
240:70, 1988; Dadaic, M. R. et al., Froc. Natl Acad. Sci reactivity of each of the two protamme peptides is redpro- 
USA 85:9224, 1988; Garcia, J. A. el al., EMBO J. 7:3143, callV and totaUy absorbed by the other. Absorption by 1^ 
1 988 ; Rice, A. P. ct aL , / VbvL 64: 1 864, 1 990; Jcyapaul, J. 48-39 however, removes part, but not all, of the reactivity of 
ct al., Proc Natl Acad ScL USA 87:7030, 1990); 2. the the protamine peptides, Ppl andPp2CIiblB6andHGS. IIA 
principle steps in transactivation of HIV RNA. however, are 35 and IIB). 

mediated tluough tiic basic domain (CuUen. B. R.. Cell By use of CNBr activated sepharose 45 resin (Pharmacia 

63:655. 1990; Cahian. B. J. ct al.. Genes Develop. 5:201, Inc.) to which the peptide was bound (400 (ig peptide/g 

1991); 3. although over-all charge and number of aiginines rtsin); the use of progressively longer, narrow (1 cm) 

are significant, specific arginine residues arc essential coltmms assures complete specific absorption and minimal 

(Mann, D. A. et al., EMBO J. 10:1733, 1991; Kamine, J. et 40 non-specific Qjy tiie resin) absorption. As shown m Ttible 6 

al.. Virology 182-.570, 1991; Puglisi. J. D. ct al.. Science and FIGS. llA and IIB, scnim absorbed on the longer 

257:76, 1 992); 4. a large body of point mutation studies has columns of Tat 48-59-bomid resin was devoid of Tht 48-59 

established ttiat all 6 arginines participate (Weeks, K. M. et reactive antibodies, but lost none of its complement of Tat 

al.. Science 249: 1 28 1 , 1 990; Sufaramanian, T. et al ., EMBO 22-33 reactive antibodies. Hie absorption procedure assures 

/. 10:2311, 1991; Calnan, B.etal.,&tence 252:1167, 1991; 45 that the incomplete absorption of the protamine peptide 

Too, J. et al., Proc. Nad. Acad ScL USA 89:2723, 1992), but reactivity by Ik 48-59 is not due to experimental mctiiod- 

arginine at position 49 is specifically significant for binding ology. e.g.. inadequate contact of serum IgM with the 

of Tht to TAR, the target sequence of HIV RNA (Cordingly. absorption matrix. 

M D. ct al., Ptdc. Soc. Natl Acad ScL USA 87:8985, 1990; -me data of FIGS. lOA and lOB reiterate that the prota- 

Delling, U. ct aL, Pmc. Nail Acad ScL USA 88:634, 1991). 50 mine peptide reactive IgM of a normal HIV negative serum 

Inspection of the 1 1 p^tides (T^le 1 above) used for the includes two subsets differing in af&nity for antigen. The 

previous study of T^t reactivity with IgM of human serum IgM reactivities of botii tiic HIV negative and the HIV 

revealed that none inchided all 6 of the arginine residues positive sera with Tai 48-59 appear to be relatively homog- 

within the basic domain of 49-59 (Rodman, T. C. et al.. J. enous with respect to affinity (FIG. 10). Following absorp- 

Exp. Med. 175:1247, 1992). Peptide 50-61 (#8, Table 1), 55 tion on the 1^ peptide 48-59, the reactivity of the HTV 

which includes the arginine triplet, the arginine doublet ami negative serum with each of the two protanrioe peptides 

the lysine doublet, but lacks arg 49, showed barely signifi- shows decline, but is not abolished (FIG. 10). Analysis of the 

cant reactivi^ with 2 of 24 human sera tested. Ilierefore, decline indicates that it reflects deletion of the low affinity 

another 12 residue, sequence-faithful peptide of T^ was subset of the protamine-reactive IgM, manifested by the 

constructed, residues 48-59 (SEQ ID. NO: 12), l^e 5), &o change in slope of the curves for the higher antigen con- 

which includes arg 49, as well as all of the other arginines centrations. For the HIV positive (AIDS) serum which 

of the basic domaia Upon testing by ELISA of human displays a low titer of the natural low affinity subset of 

serum IgM, with each of the peptides of l^t, now totalling protamine reactive antibodies (FIGS. lOA and lOB), there is 

12, significant reactivity was revealed with, as before, pep- no dedine b reactivity with the protamine peptides or 

tide 22-33, with the new peptide, 48-59, and with none 65 change in slope of the curves, following absorption on 1^ 

other CTable 5). The data of Table S provide assurance that 48-59. Therefore, the set of IgM antibodies reactive with T^ 

the reactivity with those two peptides comprises the total 48-59 is reactive, also, with the protantine peptides, but that 
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TABLE 3 



P.P. TM 22-33 



raase of ratio vahtu 


<1.0 


% of iCTS 

I.I-IO 


>10 


HIV oegBtive (n a 40) 


0 


67J 


32.5 


HIV posidvcAIDS 


31 


44 


25 


wilhia one year (n « 32) 








HIVposidTc. 


11 


39 


50 


latency (n = 18) 
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reacdvi^ correspomb specifically to the low affinity subset 
of protamine reactive IgM, designated the natural antibody 
subset Therefore, the Tat 48-59 reactive IgM antibodies 
appear to be characteristically and exclusively identifiable as 
a set of natural anUbodies. 5 

TABLE 3 

Percentage distribution of ratios of O.D. values, by 
EUSA of IgM of three groups of sera: O.D, Total Tm 
(Rodman, T C. et al., J. Exp. Med. 175:1247, 1992); The 
O.D. values are those for EUSA of serum 1:100 with 10 
jig/ml, by the procedure described (Rodman, T. C. et al., J. 
Exp. Med. 167:1228, 1988; Rodman. T C. ei al., Clin. 
Immunol Immunopaihol 57:430, 1990; Rodman, T. C. et 
al., / Exp. Med. 175:1247. 1992; Rodman. T. C et 2^.,Abstr. 
PoA 2429, VIlUntematL Conf. AIDS, 1992; Rodman, T. C. 
et al.. submitted). Since equivalent weights of the total 1^ 
protein (Recombinant HTV Tax, ejcpressed in £. coU, was 
(Stained from American Biotechnologies Inc., Cambridge, 
Mass.) and the 12 residue peptide 22-33 were used, equal or 
higher O.D. values for the total protein indicates that a 
reacdve site, other than that of peptide 22-33. is present in 
the total protein (Rodman. T. C. et al., / Ejq?. Med. 
175:1247, 1992). The O.D. values are those for EUSA of 
serum 1:100 with 10 ug/ml, by the procedure described 
(Rodman, T C et al.. / £177. Med 167:1228. 1988; Rod- 
man, T. C et al., Oin. fmmunoL Immunopathol 57:430, 
1990; Rodman, T. C et al.. / Exp. Med 175:1247, 1992; 
Rodman, T. C. el al., Abstr. PoA 2429, VUl Intematl. Conf. 
AIDS, 1992; Rodman. T. C. et al., submitted). Since equiva- 
lent weights of the total Tat protein (Recombinant HTV Tat, 
expressed in E. coU, was obtained from American Biotech- 
nologies Inc., Cambridge, Mass.) and the 12 residue peptide 
22-33 were used, equal or higher O.D. values for the total 
protein indicates that a reactive site, other than that of 
peptide 22-33, is present in the total protein. 
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These data indicate that all normal HTV negative sera 
contain 1^ reactive IgM antibodies in addition to the set 
reactive with peptide 22-33. identified above as Example 1 . 
31% ofmv positive sera fromAIDS patients and 11% from 
HIV positive asymptomatic Oatency) patients appear to lack 
that "othei^ set. whereas 50% of the latter groiq) display a 
disproportionately high titer of that set of IgM antibodies. 
The data of this Example identify the epitope for the "other" 
set of 1^ reactive antibodies within residues 48-59 and 
suggest Uiat those IgM natural antibodies may represent a 
host factor contributing to maintenance of the state of 
latency. 



TABLE 4 

O.D. (490 mn) values for EUSA of HTV positive and HIV 
negative sera with each of the 12 dodec£q)eptides of Tat 
(25 — All peptides were constructed on the basis of 1^ 
sequence noted in: Frankel, A. D. et al., Pwc. Soc Acad ScL 
USA 86:7397, 1989. Peptides were synthesized and 
sequences verified by Multiple Peptide Systems (San Diego, 
Calif.) and amino add content verified by the Mass Spec- 
trometric Biotechnology Resource of the Rockefeller Uni- 
versity, under the direction of Dr. Brian T. Chait). Assay of 
other representative sera with peptides 1-11. reported pr&- 
viously (Rodman. T. C. et al., /. Exp. Med 175:1247, 1992), 
showed reactivity only with peptide #4. These data show 
reactivity by all sera with, as before, peptide #4, and also 
with peptide #12, constructed for this smdy to include all 
residues of the basic sequence shown to be essential for Tat 
function (CuDen, B. R., CeU 63:655, 1990; Calnan, B. J. et 
al.. Genes Develop. 5:201, 1991; Mann. D. A. et al., EMBO 
/. 10:1733, 1991; Kamine, J. et al.. Virology 182:570, 1991; 
Puglisi, J. D. et al., Science 257:76, 1992; Weeks, K. M. et 
al., Science 249:1281, 1990; Subramanian, X et al., EMBO 
J. 10:231 1, 1991; Calnan, B. et al.. Science 252:1167, 1991; 
Tao, J. et al„ Pmc. Natl Acad. Sci, USA 89:2723, 1992; 
Cordingly, M. G. et al., Proc. Soc. Natl Acad ScL USA 
87:8985, 1990; Delling. U. et al., Pmc. Natl Acad ScL USA 
88:634, 1991). The low levels of reactivity of the HIV 
positive sera with peptide #12, residues 48-59, is in accor- 
dance with previous demonstrations of deficiency of specific 
sets of natural antibodies in HIV positive sera (Rodman, T. 
C. et al„ Clin. Immunol Immunopathol 57:430, 1990; 
Rodman, X C. ct al.. / Exp, Med 175:1247, 1992; Rodman, 
X C. et al., Abstr. PoA 2429, VIII Intematl Conf. AIDS. 
1992; Rodman, T. C ct al., submitted). 



TABLE 4 



A. HIV-1 Td Protein 

KCEPVDPRi^WKHPCSQPKTACTNCYCKXCCFHCQVCmAKAIXJISYaRKKWlQRRR^ (SEQ. ID. N0:I3) 

Retidua Sequence 



Tu peptide 






1 


1-12 


MEPVDPRLEPWK 


2 


S-19 


1.EPWKHPGSQPK 


3 


13-26 


OSQPKIACmCY 


4 


22-33 


CTNCYCKKCCFH 


5 


2M0 


KOCFHCQVCFrr 


6 


3M7 


VCHTXALOISY 


1 


43-54 


LGISYGRKKRRQ 


8 


50-51 


KKRRQRRRPPQO 


9 


57-68 


RPPQGSQTHQVS 


10 


64-75 


THOVSLSKQPTS 


11 


71-82 


KQFTSQSRGDPT 
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TABLE 4-contmQed 



12 



B. Rcacdvity with Human Senim IgM 



48-59 



33-44 
24-35 



CRKKRRQRRRPP 



SCRHRRKHRRCC 
PSdUlRKRRSCR 



HTV neggtiTC 



HTV potitiTc 







9 


















AIDS 




Total ItelVateui 


.69 


.45 


.65 


.64 


A5 


SS 


38 


.27 


.40 


.27 


.22 


.16 


Tttpqidde 4 


.48 


30 


.31 


39 


.30 


.29 




.25 


.31 


.20 


.16 


.12 


Tst peptiils 12 


.22 


.IS 


.21 


.28 


.19 


,27 


.13 


.10 


.14 


.13 


.11 


(.06) 


Ppl 


.41 


.40 


.53 


M 


.37 


M 


39 


.21 


.18 


^ 


.18 


.26 


Pp2 


.49 


3a 


.57 


.47 


J5 


S2 


36 


.13 


.24 


J2 


.21 


.21 



O.D. (490 nm) of scrum reactivity with 'M and with each of 
the peptides. Tat 22-33 and Tkt 48-59, pro and post absorp- 
tion (18 Ab^rption of serum antibodies reactive with each 
of the peptides was carried out by use of CNBr activated 
scpbarose 4B resin (Pharmacia loc.) to which the peptide 
was bound (400 ug pcptidc/g resin). The use of progres- 
sively longer, narrow (1 crl) columns assures complete 
specific absorption and minimal non-specific (by the resin) 
absoiption. As shown in l^ble 6, semm absorbed od the 
longer columns of Tat 48-59-bound resin was devoid ofl^ 
48-59 reactive antibodies, but lost none of its conq)lement 
of Tat 22-33 reactive antibodies). All reactivity with Tbtal 
T&l was deleted following abswption on the two peptides, 
consecutively. 

TABLES 





HIV 




HIV positive 
Qaloicy) 


HIVpontlTe 
(AIDS) 


pre 


pott 


pn 


pott 


pte post 


Total TuO^} 


.79 


.03 


.49 


.Ois 


.29 JOS 


Tn 22-33 


.26 


M 


.17 


.03 


.26 .03 


Tta 48-59 


30 


M 


.14 


.04 


.14 .04 



20 



25 



30 



40 



(The protamine pqitides. each representing a 12 residue 
sequence of human protamiae 2b (McKay, D. J. et al., Eur. 
J. Biochem. 156:5. 1986) were synthesized by the Rock- 
efeller Univenity Protein Sequencing Service and amino 
acid content verified by the Mass Spcctromctric Biotech- 
nology Resource of Rockefeller Universi^; Ppl (residues 
33-^) SCRHRRRHRRGC, Scq. n> 13, Pp2 (residues 
24-35 Scq. ID 14 ), RCaiRRKRRS(3l.). Absorption on Tat 
48-59 depleted none of the reactivity with Tai 22-33, all of 
the reactivi^ with Tat 48-59, and part of the reactivity with 
each, Ppl and PpZ Each of those protamine peptides 
absorbed total reactivity of the other. 

EXAMPLE 4: ISOLAHON OF THE NATURAL 
IgM ANTIBODIES 

Pooled normal plasma, available from and certified by the 
New YoA Blood Center will be <4}tained. The plasma will 
be depleted of albumin by cold ethanol precipitation, and the 
IgG content depleted or greatly diminiahed by absorption on 
protein G agarose (Genex). By use of an FFLC sizing 
column (Sepharose 6, Pharmacia), a ^tion of proteins of 
molecular weight 5xlO*-5xlO* which will include IgG, IgA 
and small IgM will be obtained. (Procedures for exclusion of 
IgA are under study. As noted in the Sandoglobin leaflet 



TABLE 6 



% Depiction of Reactivity with Each 
Peptide Following Ab»ofptioo 



1^48-59 



TU 22-33 



-Eel 



ttnim 


peptide 


30 mm 


60 mm 


30 nmi 


60 mm 


30 mm 


60 DUD 


30 mm 


60 mm 


HIV 


TBt4«-59 


66 


100 


0 


0 


SO 


98 


100 


100 


neg- 


Tta22-33 


0 


0 


100 


too 


0 


0 


0 


0 


?pl 


66 


73 


0 


0 


100 


100 


81 


97 




Pp2 


70 


72 


0 


0 


84 


98 


80 


98 


HIV 


TBt4g-59 


38 


100 


0 


0 










Poi. 


TBt22-33 


0 


0 


100 


100 










hte&cy 


Ppi 
Pp2 


59 
55 


66 
S3 














mv 


T8148-59 


26 


100 














Poi. 


TBt22-33 


0 


0 














AIDS 


Ppl 
PP2 


0 
0 


0 
0 















Absorption on Tai 22-33 depleted, from all sera, all reac- 65 
tivity with that peptide and none of the reactivity with Tkt 
48-59. or with the protamine-derived peptides, Ppl and Pp2. 



blood products oontainiiig IgA *'are contraindicated in 
patients with selective IgA deficiency, who possess antibod- 
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ies to IgA". Therefore, if possible, absolute exclusion of IgA 
should be earned out). 

The lesuldng product should provide a fraction of nonnal 
inununoglobuUns greatly enriched in small IgM's and, 
expeciedly, in T^t reactive IgM antibodies. If testing of that ^ 
fraction shows titers of peptide 12 reactive antibodies, 
greatly enhanced over those depicted in Table 7 below, that 
product will comprise a useful phannaceutical product and 
a useful additive to IVIG for treatment of HIV infected 
individuals. 10 

EXAMPLE 5: IVIG CONTAINS NATURAL IgM 
ANTIBOpiES 

rVIG intravenous immunoglobulin) therapy has been in 
practice for a number of years. That consists of intravenous 
administration of a preparation of the IgG fraction separated 
and purified fmm pooled normal plasma. A number of 
propnetary pharmaceutical pioducts for IVIG are available. 
It has been established that IVIG is cHidcally beneficial for 
both pediatric and adult HTV infected patients. In fact, its 
efiective in treatment of pediatrics resulted in issuance, in 
mid- 1991 of an advisory "for immediate release" by 
NICHHD that the monthly administration IVIG for HIV 
infected pediatrics had demonstrated "efficacy and safety" 
and its use was urged. 

As noted, prior to the HTV epidemic. IVIG administration 
was in use in treatment of various diseases believed to have 
autoinunune basis. A large volume of reports include dis- 
cussions and speculations regarding the possible mechanics 
of the beneficial effect, the dominant and very credible 
concept is that of restoration of idiotypic network(s) by 
provision of key antibodies that have been depleted in the 
disease process. Since IVIG preparations are dnived firom a 



IS 



20 



25 



same time, on the same plate. All determinations were 
carried out in triplicate. The values listed in TABLE 7 below 
represent the mean of three determinations and the compos- 
ite mean of three separate assays, eadi carried out indepen- 
dently. 
Antigens 

1. Tat protein (recombinant in £ coU. American Biotech- 
nologies Inc. } 

2. peptide 4 of (CTNCYCKKCCFH) 

3. peptide 12 of 1^ (GRKKRRQRRRPP) 

4. protamine peptide (Ppl) (SCRHRRRHRRGC) 
It has been demonstrated above that IgM reactivity with 

each of those antigens in aU HTV negative sera tested {n=84} 
and have shown that ttu low affinity subset of IgM reactive 
with Ppl, the IgM reactive with Tat protein and the IgM 
reactive with Tax peptide 12 decline in HIV positive sera. 
The IgM antibodies reactive with Tat peptide 12 constitute 
the same set of natural antibodies identified as the low 
affinity, protamine-reactive subset 

TABLE 7 















Protein 


Peptids 


Peptide 12 


Ppl 




53 • 


*5 


22 


58 


nonnal terum ? 


GO 


3i 


23 


48 


GxDBiatiiitne N 


21 


17 


17 


14 


Sandoglotrin (1) 


31 


06 


11 


05 


Seodaslobin (2) 


28 


06 


11 


07 


Camnur IV 


30 


06 


08 


04 



The data of TABLE 7 are consistent with previous obsCT- 
vations mdicating that, in normal sera the IgM reactivity 
with 1^ protein represents the composite reactivity with Tbt 
peptide 1 2 represents part of the reactivity with Ppl . Analy- 

pool of a large nutnber of donors, the ejcpectation is reason- sis of those data indicated that the portion of the Ppl 

able that "missing" antibodies of various allotypes as well as reactivity represented by the reactivity of serum IgM with 

specificities will be provided. Tat peptide 12 is that of the low affini^. natural antibody 

Tht efficacy of IVIG in delaying the progression of HIV ^^^^^ protamine reactive IgM. 
may, in addiUon to restoration of the idiotypic network, be The data of TABLE 7 show that the low. but significant, 
due to replacement of the IgM natural antibodies shown to 40 °f pcpude 12 reacuvity of Gamimmune N and 
be depleted in sera of HIV positive patients, as the dcfiniUvc ^"JTifS^l*^ ^o or greater than the reactivity 
state of AIDS is neared. withPpl.Tliosedatam±(atethatthc'mpeptide Ureactive 
_ . . . , ^ . ^ IgM (synonymous with the low affinity namral prolamine 
The descriptions of the vanous IVIG' s as concentrates of reactive IgM) is present in this IVIG, but the other subset of 
IgG from pooled plasma suggests that firactionaiion by size protamine-reactive IgM, considered to be conventional, 
is included in the methods. Accordingly, the following data 45 induced antibodies, is not present in the IVIG*s. That 
demonstrating the presence of specific IgM antibodies in interpretation is extended to postulate that the namral anti- 
each of 3 commercial IVIG preparations that have been body IgM may be small (divalent), thus have segregated 
tested, suggest that those IgM's may be smaller than the with the IgCj fraction, while the cfaaracterisUcally pentava- 
convcntional pentavalent IgM. The data cteariy show that lent, induced IgM antibodies have been size-exduded from 
the IgM antibodies reactive with the Toi protein of HTV, 50 the IVIG. 
which have bcwi identified as present in normal, HTV 
negative sera and have characterized as natural antibodies, 
are clcariy present in 2 of the 3 commercial IVIG prepara- 
tions and may be present in the 3rd. 
The rVIG products tested were: 



1 . Gsmiininune N (Milet Ibc. Qmer Biological) 

2. Sandoglobin (Soadoz PhannaceuticBk) prep 1 
Sandoglotrin (Sandaz Pharmaceuiicali) prep 2 
tprep 1 tad pap 2 difier oaly b that they 
were fcoQvcd a irwhth opsit, imd ouy n^xc* 
teni (fiflbtni lots) 

3. Geniniar IV (Aimour Phannaccuticol Co.) 



That reasoning indicates that the Gammar IV IVIG prepa- 
ration does not contain the subset of natural IgM antibodies 
in significant titer (OJ5.>0.I considered significant). All 
three IVIG preparations (TABLE 7) include IgM reactive 
55 with 1^ proteiiL Since Gammar IV displayed no reactivi^ 
with 1^ peptide 12 or TUt peptide 4, that datum represents 
an anomaly that requires further study. 

Note: The specification and instructional leaflets for San- 
doglobin and Gamimmune N state that the respective IVIG 
60 product includes "traces" of IgM. That statement is not 
included in the leaflet for Gammar IV. 
The 1^ reactive IgM antibodies present in at least some 



commercial IVIG producu may be related to the reported, 
well documented, efficacy of those products in treatment of 
Each IVIG preparation was assayed (undiluted) by EUSA 65 HIV infected individuals, particularly pediatrics, 
for IgM against the following antigen (each antigen at 10 That relationship would be in accord with the above 
\LSfmi). Two normal sera, dilution 1 : 100, were assayed at the inferences that IgM natural antibodies, particulariy that set 
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idcntifir^l as the low affinity pfntamine-reacdve and Tbt the presence of Tat-reactive antibodies in plasma of HTV 

peptide 12 reactive; are present in virtually all nonnal HIV infected individuals may inactivate plasma-bome HIV Tax 

negative sera and absent or deficient in HIV positive sera in thereby impede HIV leplicatioa The presence of those 

increasing ftequency as AIDS nears. antibodies in sera of asymptomatic or mildly symptomatic 

As has been shown above, the lit peptide 12 reactive 5 ^ ^^^^ individuals and their decline in individuals 

antibodies have a highly specific epitope leqmremem, and ^ as ARC or AIDS, is in accord with that hypoth- 

thai the specific epitope is coincident with the sequence of ^^r^ . ^ * 7^ ^ . 

HIV-1 Tal>otein in which the key functional site, the basic «is. Similarly, the presence of those leacnve anubodies 

region, of Tat is embodied. A well established function of "> preparations may be related to the beneficial effects 

HTV Tit is that of nuclear localiration and RNA binding with 10 of IVIG administration to individuals (pediatric and adult) in 

consequent tiansactivation and viral replication. Therefore, the clinically latent period of HTV infection. 

SEOUENCE USTINO 

( 1 ) GENERAL IMFOSlMAnaN: 

( i i i )NUMBEK OP SEQUENCES: 13 

( 2 ) INPORHAHON POR SEQ ID H0:1: 

( i ) SEQUENCE CHABACTEKimCS: 
( A ) LENOIH: 12 cnlBO uiili 
( B ) TYTE: tmhu] ■ckl 
( C ) SntANDEDNBSS: dnsle 
( D ) TOPOLOOYi fineiT 

( i I )MOLBCULETYm peptide 

( ] i i ) KYPOTHBTICAL: NO 

( i V ) ANTI-SENSE: NO 

( V ) FRA(»(BKr TYFB: N-unninl 

( V ■ )OKIOINAL SOURCE: 

( A ) OKGAN15B4! Htsttis tDnnnodefideacy <rtni t>pe 1 

( ▼ i i ) IMMEDIATB SOURCE: 

( B ) CLONE: til <1 

{ X i ) SEQUENCE DBSCRIFTtON: SEQ m NO: 1: 

Met bin Fro Va] Atp Pro Ar( Leu Olo Pro Trp L jr i 
1 5 10 

( 2 > INFORMAnON FOR SEQ ID NOi 

< i ) SEQUENCE CHARACTBOSnCS: 
( A ) LENGTH: ) 2 mfaioidfb 
( B } TYPE: tmbo acU " 
( C } SlUNDEDNESS: itatle 
( D) TOPOLOGY: liBMr 

( 1 i ) MOLECULE m^pqNidg 

( t i i ) HYPOTOCTICAL: NO 

t i V ) A>m.SENSE: NO 

( V ) FRAGMEWTTYFE; tatonil , 

C V I ) ORIOINAL SOURCE: 

( A ) 0KCANI5M: Hgrnn imnraDOdcflcieiicy vinu tyye 1 

( V i i ) IMMEDIAIE SOURCE: 

( B ) CLONE: W f2 

(si) SEQUENCE DSSOUPnON: SEQ ID N0± 

Len Glu Pro Trp Lyt Hif Pro Oly Sor Gla Pro L y i 

I 5 10 

t 2 ) DiPORMAnON FOR SEQID NOJ: 
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( t ) SEQUENCE CHARACTCUSnCS: 
( A ) LBy'OTH: 12 Dnbo kUi 
( B } TYPE: miaa (dd 
( C ) STKANDEDNESS: ancle 
( D ) TOPOLOGY^ Hoar 

( i i ) MOLECULE TYPE: pcpdde 

(ill ) HYPOTOEnCAL: KO 

{ i Y ) A^m-SE^SE: no 

( » ) FRAGMENTTYPE: buna) 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Hmm tnsBtmodeSciesqr vinn tffc 1 

( V i i )aOfEDLKr£ SOURCE- 
( B ) CLONE: uiff3 

( « ■ } SEQUENtX DESCRIPTION: SEQ ID NO-3: 

Glj Ser Glo Pro Lyt TbfAli Cj * Tht Ajd Cy* Thf 

1 5 to 



( 2 ) INFORMATION FOR SEQ ID N0:4: 

( i ) SEQUENCE CHA&ACTERCnCS: 
( A ) LENGTH: 12 aaioo Ktdi 
( B ) TYPE: iffiiaa toA 
( C ) S111ANDEDNE55: tinflc 
( D ) TOPOLOGY: tinar 

( I i )MOLECUUETYPE:pqil«te 

( ( 1 i ) HYPOTHEnCAL: NO 

{ i * ) ANTI-SENSE: NO 

( * ) FRAGMENT TYPE: imenul 

( V i ) ORIGINAL SOURCE: 

( A ) OftOANISM: Htmua totmonodcfldeney vfntt qrpc 1 

( V i i ) IMMEDIATE SOURCE: 
( B ) CLONE: tai«4 

{ » i ) SEQUENCE DESOUPTION; SEQ ID N0:4: 

Cyi Tbi Aid Cyi Tyr Cyi Lj» Lyi C y i Cyt Phe Hit 

1 S 10 



( 2 ) INFORMATION FOR SEQ ID N0:5: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGnt 12 aauM tddj 
( B ) TYPE: amtno add 
( C ) STRANDEQNESS: mfis 
( D ) topology; liocM 

( i i ) MOLECULE TYPE: 

C i i i ) HYPOTVEnCAL: NO 

( ) • )A»fn-SENSE; NO 

{ f > FRAGMENT TYPE: taicnu] 

( * i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Hvata '"""■■"^"''"^ y vims tjft 1 

( « i 1 ) IMMEDIATE SOURCE: 
( B )CLONE:m« 

(It) SEQUENCE DESaUFllON: S£Q ID NO-J: 

Ly* Cyi Cyi Phe Hit Cyi Glo Vil Cyi Phe 11c Thr 
I 5 10 



03/09/2001, EAST Version: 1.01.0021 



5,606,026 

37 38 

-contimicd 



< 2 ) INFORMAnON FOR SBQ ID >fa& 

( i ) SBQUOCCE CHARACTEiUSTICS: 
( A } LENCmi: U toiao moS* 
( B ) TYPE: Kinno Kid 
( C ] STRANDEDNESS: ongle 
( b ) TOPOLOGY: Ihnr 

( I I ) MOLECULE TYPE: peptide 

< i i i ) HYPOTTHBTICAL: HO 
( i « ) ANIVSENSE: NO 

( » ) raAGMEKTTYre: isiaai 

( T i )OIUQINALSOUECE: 

( A ) QRGAKISMs Hanttrt hvn p DoJc fk iicitfy vmi type 1 

< V t i ) aaSBDUOE SOUIUX: 

( B )(XONE:mM 

(xi ) S^UEKCB DESOUFnON: SEQ Q> NOA: 

Val Cyi Pb« It« Thr L jr t All Lea Olf lie Set Thr 

1 5 10 

( 2 ) INtCSMAHON POR SEQ ID N0:7: 

( i ) SEQUENCE CHARACTBUSnCS: 
( A ) UENOIH: U amaa itHt 
( B ) TYPE; ecmia tU 
( C ) mANDEDNESS: liatte 
( D ) TOPOLOGY: fiuv 

( i i ) MOLECULE TYPE: peptide 

( I I t ) HYPOTHBTTCAL: NO 

( I V )ANn.SEKSE;NO 

( V >HlAOME)frTVFE:iiacnud 

{ y 1 )OBIOINAL SOURCE: 

< A > oaOAMlSM: ttoiM ban mwdc O rir c r ji yfaw gpe 1 

( r 1 1 ) OtMOlIATB SOUECS: 
( B )CL0NE:mi7 

( X i ) SEQUENCE DESCBimON: SEQ tDN0:7: 

LCD Gly lie Sci Tyr Oly Art ^7 * Lya Atf Art GId 
I 5 10 



( 2 ) INFOHMATION roa SEQ id N0:I: 

( i ) SEQUENCE CHARACTERBTICS: 
( A ) LENOIH; 13 uai&o eeidi 
( B )TYPE: tsuBC add 
( C ) STEANDEDNESS: tSa^ 
( D ) TOPOLOGY: Umt 

( i i } KOLECULB PTPG: peptida 

( t i i ) HYPOrHEnCAL: N'O 

{ 1 V ) ANTI-SENSE: NO 

( f ) FRAGMENT TYPE: tsicnti] 

( f i )01UOINAL SOURCE: 

( A ) OgQANISM.- Hatata IrmntmwlrffrfcBcy rtou lype 1 

( V i I }]MMEDIXIE SOURCE; 

( B )CL0KB:tal<l 
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( t i ) SEQUENCE DESCaSPnaH: SEQ ID KChS: 

Lyi Ly« Ar| Ar| Cla A. t g Arg Arg Pro Pro Gla Gly 

1 S 10 



( 2 ] mFORMAnON FOR SEQ D N05: 

( i ) S^IUEKCB CHARACIERmrCS: 
( A ) LENCTH: II mino kUs 
( B } TYPE: amiaa acid 
( C ) STTtANDEDMESS: dnsle 
( D )T0POL0Glftlinc»i 

( i ■ ) MOLECULE DTFE: peptide 

( i I i ) HYPOTHEnCAL; NO 

C i . ) Arm^SENSE: NO 

( » ) FRAGMENTTYPE: imeniil 

C V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: HQmtn t mrnun od cflc l ca cT vtnti type 1 

( V i i ) IMMEDIATE SOURCE: 
( B }CLaNE:tsi«9 

( t i ) SEQUEKCBDESCRIP110N: SEQ ID N0:9: 

Att Pro Pra OId Gly Scr Ola Tbr Hli Olo Vtl Ser 
I 5 10 



C 1 } INFORMATION FOR SEQ ID N0:1Q: 

( i ) SEQUENCE CHARACTESISnCS: 
( A ) LENGTH: 12 amiiie adds 
( B ) TYPE: KDtao add 
( C ) STRANDEDKE5S: datb 
■ ( D )TOPOL0aY:liiic«r 

( i i > MOLECULE TTPE:pcp(i«le 

( i i i ) HYPOTHEnCAL: NO 

( i V ) AKn-SENSE: NO 

< V ) FRAGMENT TYPE: faumul 

{ T i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Ksnun mumswdcOdcacy vmu type 1 

( V i i ) IMMEDIATE SOURCE: 

( B ) CLONE: ttr f 10 

{ X i ) SEQUENCE DESOUFTtON: SEQ ID NO:lQ: 

Tbr His Oln Vil Ser Leo Scr Lyi GlD Pro Thr Set 
1 5 10 



( 3 ) INFORMiOTOH FOR SEQ ID N0:1 1: 

( i ) SEQUENCE CHARACIERimCS: 
( A ) LENOIH: 11 tsiBO acidi 
( B )TYPE: ntine tcid 
< C } SntANDEDNESS: lintb 
( D ) topology; llaetr 

( 1 i ) MOLECULE TYPE: peptide 

( i i i ) HYPOTHETICAL: NO 

( i V > ANTI-SENSE: NO 

( * ) FRAGMENT TYPE: tatcdul 

( T i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Hmun bninuoodearieacy virai ^ 1 
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( V i I ) IMMEDIATE SOURCE: 

( B lOXtKE: wfll 

( t i ) SEQUEKCB DESC3UFnON: SEQ ID NChU: 

Lji Gl» Pro Tbr Ser Glo Sei Ar| Gl y Aip^Pro Tbr 

1 5 10 " 



( 2 ) INKISMAnON FOB SEQ ID NO:12: 

( 1 jSEQUENCECHAXACIEaiSTTCS: 
( A ) LENCni: 12 ■»» adds 
( B ) TYPK amino Idd 
( C ) SntANSEDNBU: fsfb 
(Dj-rOPOLOOYiUnar 

( i i ) MOLECULE TYFE: peptide 

( i i i ) HYPfflHEITCAL: NO 

( i * ) ANTI-SEKSE: KG 

{ V )FRAGMEKT'IYPE:totani) 

( V i ) ORIGINAL 50URCE: 

-(A) ORGANISM: Hamin inmnmodcficicBCy ws ^ I 

( V 1 i ) IMMEDIATE SOURCE: 

( B )CLO^fE;lltm 

( I i ) SEQUENCE I^CIUFTION: SEQ ID NO:lZ: 

Gly Ar| Lyi Ly« Aij Arj Gin Ar| Ar| Ar| Pto Pio 
t i 10 



( 2 ) INPORMAnON FOB SEQ ID NO:13: 

( I ) SEQUENCE atARAcreainics 

C A ) LBNGIH: U taiaa Midi 
( B ] TYPG: imliu Kid 
( C ] mANSEDNBSS: tmgk 
( D ] TOTOLOOK Imctf 

( i i )MOLECULBTYI<E: peptide 

( ( i i ) HYPOTOEnCAL; NO 

( i » ) ANTI-SENSE: KO 

( V ) FRAGMENTTTPB: tmenal 

{ » I ) ORIGINAL SOURCE: 

( A ) ORGANISM: Hmnsa immsoodc&ifaxy ma* tfpc 1 

< V i i } WMEDIATE SOURCE: 
( B )CLONE:ppfl 

( » i ) SEQUENCE DESCRIPnON: SEQ ID N0:13: 

Ser Cyi Ar^ Hii Af| Arg Af| Hit Arg Aig CI7 C;t 
1 5 10 



( a ) tNFOBMAnON ran SEQ m N0:14: 

( I ) SEQUENCE CHARACIERimCS: 
( A } LENGTH: 12 tmiao icidt 
( B } TYIC: >mkn add 
( C ) STOANDEDNESS: nqgle 
( D ) TOPOLOGY: Qacar 

( i i ) MOLECULE TYPE: peptide 

(Mi ) HYPOTHETICAL: NO 

( i w ) ANTU5ENSE: NO 
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5.606,026 

43 44 

•continued 



{ » ) FRAGMEMTTYPE: iaaral 

( V i )ORIGIMALSOURaE: 

( A ) QROANISM: ttamn fanm un od d Scfcocy vims tjrpc 1 

( V i i ) IMMEDIATE SOURCE: 
( B ) CLONE: pp n 

(It) S^UENCE DEaSUPnON: SEQ ID NO:U: 

At( Cyi Cyi Art Arg Arg Ly» Arg Arg Ser Cyi Arg 
1 3 10 

( 3 ) INFORMATION FOR SEQ ED NO:13: 

( i ) SEQUENCE CHARACTERUnCS: 
( A ) LENGTH: K3 
( B ) TYF& fwnirw) acid 
( C ) STRANDEDMESS: aagk 
( D jTCIPOlJOGYiliKtf 

( i i ) SEQUENCE DESCUPIION: SEQ ID N0:1S: 

M« t Gin Pro Val Asp Pro Arg Lea Clu Pro Trp Ly* Hit Pto Gly 
1 3 10 15 

Set QIb Pro Lyi Tbr Ala Cyt Thr Aia Cyi Tyr Cyi Lyi Lyi Cyt 
3 0 -23 30 

Cj% Phe Hit Cy» Ola Val Cyi Phe 11c Thr Lyt All Leu Oly 11c 
3 5 4 0 4 3 

Set Tyi Gly Arg Lyt Lyi Arc Arg Gin Arg Arg Atg Pro Pro Gla 

3 0 9 5 « 0 

Glu Ser Glo Tbr Kit Glo Vil Ser Lea Ser Lyt GId Pro Tbr Ser 
6 3 7 0 7 5 

aiBSaiArgGiyAtpProTbr 

a 0 

What is claimed is: antibody is isolated from nonnal non-HTV-l infected 

1. An isolated human natural IgM sntibody immunoreac- humans, 
tivc with an epitope present on the HIV-1 Tit protein having 

the amino add sequence SEQ ID N0:4. wheidn said « » • * « 
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